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Abstract
CHARACTERIZATION OP KPNI INTERSPERSED REPETITIVE DNA SEQUENCE
FAMILIES AND THEIR ASSOCIATION WITH THE NUCLEAR MATRIX
Joseph A. Chimera
The Kpnl 1.2 and 1.5 kb families of interspersed 
repetitive DNAa from the African green monkey genome were 
isolated and characterized. Each family contains three 
populations of segments based on their sequence lengths and 
susceptibility to cleavage by the restriction enzymes Kpnl 
and Rsal. The first population contains the smallest seg­
ments which are susceptible to both Kpnl and Rsal cleavage 
and have fragment lengths of 1.2 kb (1.2 kb family) and 1.5 
kb (1.5 kb family) respectively. The members in this pop­
ulation are referred to as KpnI-sensitive segments. The 
second population contains longer segments (> 2 kb) which 
represent fusions of members from different families. The 
fusion sequences are cleaved by Kpnl at their termini but 
lack internal Kpnl sites at the junctions that join the 
individual component members. The third population contains 
members from each family that are cleaved occasionally by 
Kpnl (KpnI-resistant segments) and remained linked to the 
bulk of the high molecular weight DNA.
Kpnl 1.2 kb, 1.5 kb and KpnI-resistant populations were 
isolated and analyzed for the presence of internal Rsal 
sites. All members from both populations were cleaved by 
Rsal into a simple series of low molecular weight fragments. 
Some members from both the KpnI-sensitive and the KpnI- 
resistant populations were found to contain internal Rsal 
sites. Other members from both populations lacked internal 
Rsal sites.
Genomic Kpnl 1.2 kb segments were cloned and two recom­
binants pBK(1.2)14 and pBK( 1.2)39 identified. The partial 
nucleotide sequence of clone Kpn(l.2)14 was determined
The sequence content of Kpnl 1.2 and 1.5 kb families in 
DNA fragments that anchor DNA loops to the nuclear matrix 
(att-DNA) was also studied. The relative sequence content 
of both 1.2 and 1.5 kb families was found to be impoverished 
when compared to their content in total nuclear DNA. However, 
members in each family were found to be present in detectable 
amounts.
ill
The association of Kpnl 1.2 and 1.5 kh family sequences 
with the nuclear matrix waB also demonstrated hy metrizamide 
gradient centrifugation of nuclear matrix complexes. The 
results suggest that some Kpnl 1.2 and 1.5 kb segments are 
differentially associated with nuclear proteins.
iv
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CHAPTER X 
INTRODUCTION
The genome of eukaryotic cells contains'an excess of 
DNA compared with the amount expected to code for protein 
and structural RNAs. The total amount of DNA in the haploid 
genome is the C value and its apparent excess relative to 
the number of genes present is referred to as the C-value 
paradox (1). Some of the excess DNA is accounted for because 
genes contain segments of intervening DNA (introns) which 
do not code for proteins and are removed prior to mRNA 
translation (2). However, the presence of introns is still 
not sufficient to resolve the C-value paradox.
A sizable portion of the eukaryotic genome is also
composed of satellite DNAs (reviewed in 3-5). Satellite DNA 
is present in varying amounts, from about 6% in human cells 
to greater than 25% in the African green monkey (AGM) (6 ). 
These sequences are named "satellite" due to their physical 
separation from the main component DNA during centrifugation 
in density gradients of cesium salts. Cytologically, 
satellite DNAs can be described as centromeric (confined to
the chromosome centromere) and heterochromatic (present as
condensed chromatin structures). Satellite DNA is also 
referred to as repetitive DNA, due to its long range 
organization as tandemly repetitive arrays of a basic repeat 
unit. The function of satellite DNAs is unknown, however, a 
considerable amount of information is available concerning
their structure.
The alphoid satellite sequences comprise a family of 
evolutionarily conserved DNAs named after the prototypical 
component alpha DNA originally discovered in the African 
green monkey (7,8). Alphoid DNAs are represented in the 
genomes of all primates where they may constitute as much as 
24% (AMG) or as little as 2% (human) of the genomic DNA (9). 
In AGM the alpha DNA is arranged as tandemly repeated arrays 
of a monomeric unit of 172 base pairs (bp) (10). The 
function of alphoid satellite DNA is unknown although their 
relative abundance and sequence conservatism throughout the 
primate order suggests some role.
In contrast to the tandem arrangement of satellite 
DNAs, many repetitive sequences in eukaryotic genomes are 
interspersed with transcribed structural genes. In primates 
two distinct classes of both short (SINES) and long (LINES) 
interspersed repetitive segments have been identified (11). 
The Alu family of short interspersed repetitive segments has 
been found in human DNA (12), and homologous sequences 
identified in the AGM genome (13). This 300 bp repetitive 
sequence family has been estimated to be present at greater 
than 300,000 copies, representing about 3% of the human 
haploid genome (12). Alu sequences have been located 
interspersed with structural gene domains. Seven copies of 
a repeated Alu-like sequence are located within the human 
beta globin gene cluster (14). Alu sequences are transcribed
3into heterogenous nuclear RNA (HnRNA) and represent the 
dominant class of repetitive RNA (15,16). The function of 
Alu DNAs is unknown although their distribution and 
interspersion with single copy genes suggests some important 
biological role.
HnRNA contains double-stranded regions of hairpin-type 
structures which are thought to have some regulatory function 
in RNA processing (17,18). Hairpin structures in RNA 
presumably arise by the transcription of DNA containing 
inverted repeat sequences which can base pair to form double 
stranded RNA. Some Alu family members contain inverted 
repeats, that is they contain sequences at each end of an 
individual 300 bp Alu unit which, when transcribed, could 
potentially fold to form double stranded regions. This, 
together with their extensive representation in HnRNA, 
suggests that some Alu members may be involved in RNA 
processing.
Several other putative functions have been attributed 
to Alu sequences, including RNA polymerase III transcription 
initiation sites (19) and origins of DNA replication for 
viral DNAs (20).
The other group of interspersed repetitive DNAs, and 
the most recently discovered, contains families of long 
interspersed segments (LINGS). In primates these sequences 
are collectively referred to as the Kpnl families, whose 
members are cleaved by the restriction enzyme Kpnl into a
4series of distinctive DNA fragment sizes (21, 22}.
Electrophoresis of human DNA treated with Kpnl resolves 
four distinct EBr stained bands of 1.2, 1.5, 1.8 and 1.9 kb. 
These segments represent the four basic Kpnl families 
designated the Kpnl 1.2, 1.5, 1.8 and 1.9 kb families, 
respectively. Individual members in a given family exhibit 
sequence homology, however, restriction analysis of cloned 
human Kpnl members has demonstrated some sequence microhetero­
geneity (22). Conversely, members of different Kpnl families 
show little sequence homology by hybridization analysis 
(22).
In humans, the frequency of Kpnl 1.2 kb members has 
been estimated at 3 x 104 copies per haploid genome, 
representing about 1% of the nuclear DNA (22). Similar 
frequencies have been estimated for the 1.5 kb family.
Thus, the combined Kpnl families could account for a 
substantial part (4-5%) of the primate genome.
Individual Kpnl sequences do not occur as tandemly 
repeated arrays as do the alphoid repeats. However, longer 
homologous sequences (2.7 to 6.4 kb in length) have been 
identified. Some longer Kpnl segments may represent fusions 
of individual members from different families, which are in 
tandem but lack internal Kpnl restriction sites. For ex­
ample, a Kpnl segment of 2.7 kb has been identified which 
hybridizes to both human 1.2 and 1.5 kb family probes (22). 
Another fusion segment (6.4 kb) has been located
5interspersed with a cluster of functionally related genes, 
termed a gene domain. This fusion segment contains Kpnl 
1.8 , 1.5, 1.2 and 1.8 kb segments and has been found both 
within and at the 3* end of the human beta globin gene 
cluster (23).
Some Kpnl sequences are transcribed by RNA polymerase II 
into a heterogenous population of RNA species ranging from 
200 bases to over 5 kilobases (kb) in length (24). RNA 
polymerase II is responsible for the transcription of messen­
ger RNA (mRNA). Kpnl transcripts appear to be confined 
exclusively to the nucleus and over 90% are represented in 
the poly A(-) RNA fraction (24). Messenger RNA, generally, 
is poly A(+). Thus, Kpnl transcripts are transcribed by RNA 
polymerases synthesizing mRNA, but do not appear to be post- 
transcriptionally modified in the same manner. Transcripts 
homologous to both the "Watson" and "Crick" strands of Kpnl 
DNA have been isolated, with a preference for transcripts 
homologous to only one strand (24).
The biological function of Kpnl DNAs is unknown. Their 
relative abundance, interspersion in the genome, local­
ization at the boundaries of structural gene domains and 
transcription into nuclear RNA satisfies several criterion 
postulated by Davidson and Britten for the role of repeti­
tive DNA in the regulation of gene expression (25). In this 
model, interspersed repetitive DNA elements are transcribed 
into nuclear RNA (nRNA) termed integrating regulatory tran-
6scripts. Theee RNA. sequences function to control the 
expression of structural genes by forming RNA-RNA duplexes 
with complementary sequences contained in HnRNA. HnRNA is 
the precursor form of mRNA that has not yet been processed 
(e.g the removal of introns and addition of poly A tails).
It has been proposed that such RNA duplexes protect specific 
mRNA species from the action of degradative nucleases or 
serve as a site for a specific processing endonuclease (25). 
Thus, poly A(-) Kpnl transcripts may have some role in the 
processing of poly A(+)mRNA.
Another possible function of interspersed repetitive 
DNA is in the structural organization of the nucleus. DNA 
in eukaryotic cells is packaged with protein and RNA into 
chromatin (reviewed in ref. 26). The nucleosome represents 
the basic repeat unit of chromatin and consists of about 200 
bp of DNA associated with twice the mass of nuclear proteins. 
All nuclear DNA is packaged into nucleosomes which appear in 
electron micrographs as a "string of beads" of about 10 nm 
in diameter (27, 28). The 10 nm nucleosome filament is 
further condensed into higher order structures termed 
soleniods, visualized as 30 nm thick filaments (29).
Although the 30 nm thick filament may represent the 
state of much of the chromatin throughout the cell cycle, it 
must still be condensed further into higher order structures 
leading ultimately to the chromosome at metaphase. Recent 
evidence suggests that 30 nm chromatin fibers are folded in
7a topologically defined manner as "radial loops" (30-32), 
each containing an average of 100,000 bp of DNA (33-34).
The loops can be visualized, after the extraction of his- 
tones, as a halo of DNA surrounding a proteinaceous nuclear 
skeleton, scaffold or matrix (reviewed in ref. 35, 36). 
Several experimental approaches suggest that DNA loops are 
attached to the nuclear matrix. The DNA sequences and the 
polypeptide composition of the attachment sites remains to 
be established.
A specific question which remains to be answered is 
whether repeating loops are anchored via specific attachment 
sequences or is the anchoring random with respect to DNA 
sequence? If specific DNAs are involved in loop attachment 
then their content should be increased in the population of 
DNA fragments that anchor DNA to the matrix. Some studies 
have reported an enrichment of satellite DNA in DNA frag­
ments anchored to the nuclear matrix (37, 38). Conversely, 
other studies indicate no enrichment for satellite 
DNA (39-41). This inconsistency may be explained in terms 
of the specific procedure used to isolate the matrix attached 
DNA and the cell types used. In any case, satellite DNA is 
organized as long tandemly repeated units which are centro- 
meric with respect to genome localization. Their lack of 
dispersion throughout the nucleus would argue against a 
general anchoring function for the bulk of the genomic DNA 
loops.
8A more likely candidate for DMA structural elements 
involved in the attachment of DNA loops is interspersed 
repetitive DNA. The Alu family of interspersed sequences 
has been shown to be enriched in the population of DNA 
fragments that anchor DNA loops to the nuclear matrix (37). 
The other type of interspersed DNAs, the Kpnl families, have 
not yet been examined for any DNA loop anchoring function. 
However, their localization flanking structural gene domains 
potentiates the hypothesis that Kpnl sequences may have some 
role in the structural organization of the primate nucleus.
To gain an understanding of the role of Kpnl DNAs in 
the organization of chromatin, it is necessary first to 
isolate specific Kpnl DNAs and analyze their sequence 
organization. Further, it will also be necessary to isolate 
and characterize any polypeptides which may be specifically 
associated with Kpnl sequences. As a first step in this 
direction, the specific aims of this dissertation research 
will focus on: (1) the isolation of Kpnl 1.2 and 1.5 kb 
family sequences from the AGM genome, (2) the characterization 
of these families by restriction enzyme digestion studies,
(3) the cloning of specific 1.2 kb family members by recom­
binant DNA methodologies, (4) the determination of the nuc­
leotide sequence of the cloned DNA, (5) the study of the 
nuclear matrix association of the Kpnl 1.2 and 1.5 kb fam­
ilies and (6) the development of protocols for the isolation 
of Kpnl DNA-protein complexes.
CHAPTER 2 
MATERIALS AND METHODS 
Mater ials * N, N, N1, N'-tet ramethy lethy lenedia mine,
Tris (hydroxy methyl) amino methane, ampicillin, chlor­
amphenicol , dithiothreitol, 2-mercaptoethanol, 2-[moropho- 
linol ethane sulfonic acid, Coomassie Blue G-250, lysozyme 
and phenylmethylsulfonyl fluoride were purchased from Sigma. 
Phenol (loose crystals) was purchased from Mallinckrodt. 
Minimum Essential Medium (Eagle), fetal calf serum, calf 
serum, streptomycin and penicillin were purchased from Gibco 
Laboratories. Restriction enzyme were purchased from 
Bethesda Research Labs or New England Biolabs. Agarose was 
purchased from the Marine Colloids Division of the FMC 
Corporation. Pronase and glycogen were purchased from 
Calbiochem Behring. Proteinase K was purchased E M 
Biochemicals. DNA polymerase I and calf intestine alkaline 
phosphatase were obtained from Boehringer Mannheim. T4 
polynucleotide kinase and T4 ligase were purchased from 
Bethesda Research Labs. Deoxyribonuclease I and micrococcal 
nuclease were purchased from Worthington Enzymes. Hexammine- 
cobalt chloride was purchased from Aldrich. Rubidium 
chloride was purchased from Alfa Products. Polyethylene 
Glycol, XOMAT x-ray film, GBX developer and Rapid Fix were 
purchased from Eastman Kodak. GeneScreen and a kit 
containing the reagents for Maxam and Gilbert sequencing 
were purchased from New England Nuclear. Zeta Probe mem­
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brane, acrylamide and N,N'-niethylene-bis-acrylamide were 
supplied by BioRad Laboratories. Nitrocellulose BA85 was 
purchased from Schlicher and Schuell. Metrizamide, 4'6- 
diamidino-2-phenylindole, and silver nitrate were purchased 
from Accurate Chemicals. N-(3-nitrobenzyloxymethyl)-pyri- 
dinium chloride was purchased from BDH Chemicals Ltd. 
Deoxyadenosine [ -32P] Triphosphate (635 Ci/mmole) was pur­
chased from Amersham. Adenosine [ -32P] Triphosphate 
(crude) was purchased from ICN Chemicals. Thymidine 
tmethyl-3H] (6 Ci/mmole) was purchased from Schwarz/Mann. 
Bactoagar, Bactotryptone and yeast extract were purchased 
from Difco Laboratories.
Buffers and Solutions. LM buffer is 10 mM Tris-HCl pH 
7.4, 0.2 mM MgCl2. TE buffer is 10 mM Tris-HCl pH 7.4, 1 mM 
EDTA. TC buffer is 5 mM Tris-HCl pH 7.4, 1.5 mM CaCl2. TBE 
buffer is 50 mM Tris, 50 mM boric acid, 1.25 mM EDTA pH 8.3. 
SSC (1 X) buffer is 0.15 M NaCl, 15 mM sodium citrate pH 7. 
DAPI staining solution contains 100 mM NaCl, 10 mM EDTA, 10 
mM Tris-HCl pH 7 and 100 ng/ml DAPI. SOG loading buffer is 
60%(w/v) sucrose, 0.1%(w/v) Orange G. SOXB loading buffer 
is 60%(w/v) sucrose, 0.1%(w/v) Orange G, 0.04%(w/v) Xylene 
Cyanol, 0.1%(w/v) Bromophenol Blue. Sequencing gel loading 
buffer is 80%(v/v) deionized formamide, 10 mM NaOH, 1 mM 
EDTA, 0.1%(w/v) xylene cyanol, 0.1%(w/v) bromophenol blue. 
Kinasing buffer is 40 mM Tris-HCl pH 7.6, 20 mM MgCl2, 10 mM 
dithiothreitol, 0.2 mM spermidine, 100 ug/ml BSA, 0.2 mM
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EDTA. Nick translation buffer is 50 mM Tris-HCl pH 7.4, 10 
mM MgS04 , 100 ug/ml BSA, 5 mM DTT and 13.3 uM each of dGTP, 
dCTP, dTTP. Wittig buffer is 0.1 mM ZnCl2, 0.1 mM EDTA, 10 
mM Tris-HCl pH 8. Triton solution is 0.3%(v/v) Triton X- 
100, 150 mM Tris-HCl pH 8 , 200 mM EDTA. Lysozyme solution 
for mini-preps contains 5 mg/ml lysozyme in 25 mM Tris-HCl 
pH 8. Lysozyme buffer for large scale plasmid preps is 50 
mM glucose, 25 mM Tris-HCl pH 8, 10 mM EDTA. Transformation 
buffer is 10 mM MES (pH 6 .8 ), 100 mM RbCl, 45 mM MnCl2, 10 
mM MgCl2, 3 mM HAC0CI3. SOB media is 0.2%(w/v) bacto- 
tryptone, 0.5%(w/v) yeast extract, 10 mM NaCl, 2.5 mM KC1. 
The media is autoclaved and made 10 mM MgCl2, 10 mM MgS04* 
SOC media is SOB media with 20 mM sterile glucose. SOB-agar 
is SOB media containing 1.0%(w/v) bactoagar. MEM media is 
Minimum Essential Medium containing 40 mM sodium 
bicarbonate, 5 units/ml penicillin, 5 units/ml streptomycin. 
The media is prepared, the pH is adjusted to 7.0 and then 
filter sterilized. Before using, fetal calf serum is added 
to 5%(v/v) and calf serum to 5%(v/v). Trypsin solution is 
prepared by disolving 8.0 grams NaCl, 0.4 grams KC1, 0.06 
grams KH2P04 , 0.0485 grams Na2HP04 in 900 ml of water and 
then adding 0.005 grams phenol red, 2.5 grams trypsin and 
EDTA to 1 mM. The solution is adjusted to a salmon color 
(pH “7.3) with saturated NaHC(>3 and filter sterilized.
Phenol crystals were melted at 65°C 8-hydroxyquinoline added 
to 0.1% and equilbrated with TE buffer. Denhardts solution
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contains 0.02%(w/v) BSA, 0.02%{w/v) Ficoll 400, and 
0.02%(w/v) polyvinylpyrrolidone 360. Pancreatic RNase was 
prepared at a concentration of 20,000 units/ml in 10 mM 
Tris-HCl pH 7.5, 15 mM NaCl, heated to 100°C for 15 minutes 
to inactivate contaminating nuclease activity and allowed to 
cool slowly to room temperature. Pronase was prepared at 20 
mg/ml in water pH 5.0 and incubated at 80°C for 10 minutes. 
The pH was adjusted to 7.0, NaCl added to 1 M and the 
pronase allowed to autodigest at 37°C for 20 minutes to 
destroy any contaminating nuclease activity. DNase I was 
prepared in 50 mM Tris-HCl (pH 7.4), 10 mM magnesium acetate, 
1 mM DTT, 50 ug/ml BSA and 50%(v/v) glycerol at a concentra­
tion of 1.25 mg/ml. The specific activity was 2097 units/mg. 
Micrococcal nuclease was prepared at 80,000 units/ml in 0.1 
M sodium borate (pH 8.8 ) containing 1 mg/ml BSA.
Cell Culture. The African green monkey CV-1 kidney 
cell line was used for these experiments. CV-1 cells were 
grown in plastic tissue culture flasks in MEM medium. Cells 
were cultured at 37°C until the cell monolayers were 
approximately 80-90% confluent. The cells were harvested by 
rinsing twice with media without serum followed by a brief 
37°C incubation with trypsin. Trypsinized cells were 
diluted with media containing serum, to inhibit the trypsin, 
and collected by centrifugation at 900 x g for 5 minutes.
To radioactively label the DNA ^H-thymidine was added 
to the cell cultures at 0.1 uCi/ml approximately 5 days
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prior to cell harvesting.
Human DNAs were isolated from a human Burkett's lymphoma 
(Namalwa) cell line.
Bulk Isolation of DNA. Cells were resuspended in TG 
buffer also containing 1 M NaCl, 1.0% SDS, 50mM EDTA, 0.5 
mg/ml pronase and incubated at 65°C for 3 hours. The lysate 
was then extracted twice with an equal volume of CIA for 10 
minutes followed by centrifugation at 7800 x g for 5 minutes 
at 4°. The top aqueous phase was removed and overlayed with 
2 volumes of -20°C 95% ethanol. The DNA was collected by 
spooling it onto a glass rod, rinsed in 95% ethanol, air 
dried for 10 minutes and resuspended in 1/10 X TE buffer.
Purification of DNA. Bulk preparations of high 
molecular weight DNA and Nuclear matrix DNAs were further 
purified according to Marmur (42) with some modifications.
RNA was first hydrolyzed by the addition of pancreatic 
ribonuclease to 100 units/ml, T1 ribonuclease to 50 units/ml 
and incubated at 37°C for 60 minutes. Samples were then 
incubated with 100 ug/ml proteinase K and 0.5% SDS at 65°C 
for 2 hours. Subsequently, an equal volume of equilibrated 
phenol was added to the solution and mixed by repeated 
inversion for 5 minutes and then centrifuged for 8 minutes 
at 10,000 x g. The upper aqueous phase was removed and 
reextracted with an equal volume of phenol followed by two 
extractions with equal volumes of CIA. High molecular 
weight DNA was dialyzed against 1/10 X TE buffer. Nuclear
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matrix DNAs were ethanol precipitated and reBuspended in 
1/10 X TE buffer. The concentration of DNA in these final 
preparations was measured as described below.
Ethanol Precipitation of DNA. For DNA at low concen­
trations (<100 ug/ml) and/or of low molecular size, the 
following procedure was used to concentrate and collect the 
DNA. Following the addition of sodium acetate to 0.3M and 
2.5 volumes of -20°C ethanol, DNA was precipitated at -70°C 
for 30 minutes. The DNA precipitate was collected by cen­
trifugation at 15,000 x g for 10 minutes at 4°C. The pre­
cipitates were rinsed with room temperature 70% ethanol and 
dryed under vacuum for 10 minutes.
Measurement of DNA Concentrations. For most prep­
arations DNA concentrations were calculated from the absorb­
ance at 260 nm where 21.7 A2gQ units corresponds to a DNA 
concentration of 1 mg/ml.
For small quantities of DNA the concentration was 
measured by using the fluorescence enhancement of DAPI 
complexed with DNA (43). This procedure was used only when 
the DNA fragment length was greater than 1.0 kb and was not 
extensively nicked. Samples were added to the DAPI solution 
and the fluorescence of the complexed DNA was measured with 
a fluorescence spectrophotometer (Perkin-Elmer 350-40) at an 
excitation wavelength of 360 nm and an emission wavelength 
of 450 nm. DNA concentrations were obtained by extrapolating 
the fluorescence values from a standard curve of salmon
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sperm DNA.
For small quantities of nuclease treated DNAs concen­
trations were measured by the UV-induced fluorescence 
emitted by ethidium bromide (EBr) intercalation into DNA. 
First a sheet of plastic wrap was stretched over a UV trans­
illuminator (306 nm, Ultra-Violet Products Inc.).
30 ul aliquots of standard DNAs and unknown samples were 
spotted onto the plastic and an additional 30 ul of TE 
buffer containing 2 ug/ml EBr was added and mixed by 
pipetting. The fluorescence of the spots was photographed 
onto Polaroid type 55 film using 306 nm UV transillumination 
The DNA concentrations were estimated by comparing the sample 
spot intensity with that of a series of standard DNA spots.
Digestion of DNA with Restriction Enzymes. Table 1 
contains a list of the restriction enzymes used, their base 
specificities and the enzyme buffers used. DNA was digested 
to completion by resuspending in the appropriate enzyme 
buffers and incubating with 1-10 units of restriction enzyme 
per ug of DNA for 4-16 hours.
For restriction enzyme site mapping studies DNA frag­
ments 5' labeled with ^2p at one Q f their ends were sub­
jected to partial restriction enzyme cleavages (44). DNAs 
were digested as described above with two modifications. E. 
coli DNA was added to the reactions at 2.0 ug/35 ul of 
reaction buffer. Under these condition the amount of un­
labeled bacterial DNA exceeded the amount of AGM DNA. The
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TABLE 1
List of Restriction Enzymes, Recognition Sequences and Buffers
Enzyme Recognition Sequence Digestion Buffer *
Alu I AGCT 6 mM Tris, 50 mM NaCl, 6 mM MgCl2
Hae III GGCC 50 mM Tris, 5 mM MgCl2
Hind III AAGGTT 6 mM Tris, 50 mM NaCl, 6 mM MgCl2
Hinf I GANTC 6 mM Tris, 50 mM NaCl, 6 mM MgCl2
Kpn I GGTACC 6 mM Tris, 6 mM NaCl, 6 mM MgCl2
Mbo I GATC 10 mM Tris, 75 mM NaCl, 10 mM MgCl,
Msp I CCGG 10 mM Tris, 6 mM KC1, 10 mM MgCl2
Rsa I GTAC 50 mM Tris, 50 mM NaCl, 10 mM MgCl,
Sal I GTCGAC 6 mM Tris, 150 mM NaCl, 6 mM MgCl2
Taq I TCGA 50 mM Tris, 50 mM NaCl, 10 mM MgCl,
* The reaction buffers also contained 6 mM 2-Mercaptoethanol and 100 
ug/ml nuclease free BSA. All reactions were at 37°C except for Taq I 
which was at 65°C.
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appropriate enzyme was then added at 1.0 unit/2.0 ug of DNA 
and incubated for up to 4 hours.
Analytical Agarose Gel Electrophoresis of DNA. Agarose 
was added to 100 ml of 50 mM TBE buffer to a final concen­
tration ranging between 0.5 and 1.2%{w/v), as desired, 
depending on the size of the DNA fragments involved. Agarose 
solutions were heated in a boiling water bath to dissolve 
the agarose, cooled to 65°C and then poured onto a glass 
plate (12 x 15 cm) with a gel comb positioned at one of the 
plate. The agarose was allowed to solidify at room 
temperature for 20 minutes, after which the comb was removed 
and the gel placed in a horizontal electrophoresis tank 
containing 1 liter of 50 mM TBE. In some cases EBr was added 
to the agarose and the TBE buffer at 0.5 ug/ml. DNA samples 
were mixed with 1/5 volume of SOG loading buffer and pipetted 
into the wells. Gels were electrophoresed at 100 volts 
(constant voltage) until the tracking dye reached the end of 
the gel. After electrophoresis the DNA was stained with an 
EBr (0.5ug/ml) solution, visualized by UV-transillumination 
and photographed with Polaroid type 55 positive/negative or 
type 57 high speed films.
Analytical Polyacrylamide Gel Electrophoresis of DNA.
Stock solutions of polyacrylamide (19/1 or 30/1 acrylamide:bis) 
were diluted to the desired final concentrations in 50 mM 
TBE buffer and degased for 2 min. Ammonium persulfate and 
TEMED were added to 0.15%(w/v) and 0.04%(v/v), respectively,
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the gel solution was poured between gel casting plates (16 x 
18 cm) and allowed to polymerize for 1 hour. After 
prerunning the gels at 150 volts for 1 hour DNA samples were 
mixed with 1/5 volume SOXB loading buffer and pipetted into 
the wells. Electrophoresis was performed at 150 volts 
(constant voltage) until the dye markers migrated to the 
desired positions in the gel. DNA bands were visualized by 
post-staining the gels in 0.5 ug/ml EBr and subsequent UV- 
transillumination.
Determination of DNA molecular weights. A BASIC 
computer program (45) was modified and used to determine the 
sizes of DNA fragments from their electrophoretic mobilities. 
The program fits a parabola to the mobilities of a set of 
standard fragments of known sizes and the unknown values 
were then calculated from the curve. Standard DNA fragments 
included phage T^/Mbol and plasmid pBR322/HinfI DNA 
restriction fragments.
Preparative Gel Electrophoresis and Isolation of DNA 
Fragments. Freeze-thaw Isolation. DNA restriction 
fragments were subjected to electrophoresis on 0.5% agarose 
gels as described above. After electrophoresis, the DNA 
fragments were excised with a metal spatula over UV-trans- 
illumination. Gel slices were then equilibrated in 10 
volumes of 0.3 M sodium acetate 1 mM EDTA (pH 7.0) for 30 
minutes and transferred to 0.5 ml Eppendorf tubes that were 
punctured at the bottom with a 23 gauge needle and fitted
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with a silinated glass wool plug. The tubes containing the 
gel slices were frozen at -70°C for approximately 12 hours 
and then placed inside 1.5 ml Eppendorf tubes and centri­
fuged for 10 min at 15,000 x g. The excluded buffer was 
made 10 mM with MgCl2 and 40 ug/ml with glycogen (46). DNA 
samples were then ethanol precipitated as described above.
Elution onto Anion Exchange paper. DNA fragments were 
subjected to electrophoresis on 0.6% agarose gels and then a 
slot was cut in the gel in front of the DNA bands to be 
isolated. DE-81 paper (Whatman DEAE cellulose), pretreated 
in 50 mM TBE buffer, was inserted into the slot and the DNA 
electrophoresed onto the paper at 100 volts. The strips of 
paper with the bound DNA were placed into 0.5 ml Eppendorf 
tubes previously bottom punctured with a 23 gauge needle and 
fitted with a glass wool plug. Samples were then washed 
twice by the addition of 200 ul of 150 mM NaCl, 10 mM Tris- 
HCl followed by a 10 second centrifugation. The DNA was 
then eluted from the paper by incubation with 300 ul of 1 M 
NaCl, 10 mM Tris-HCl, 1 mM EDTA at 37°C for 12 hours. The 
tubes were placed in 1.5 ml Eppendorf tubes and centrifuged 
for 10 seconds followed by two rinses with 1 M NaCl. The 
NaCl washes were pooled and the DNA ethanol precipitated.
Isolation of DNA-Rich Nuclear Matrix. The experimental 
protocol is outlined in Figure 1. All steps were performed 
at 4°C. Also, buffers contained 1 mM PMSF and 2 mM EGTA. 
Approximately 4.5 x 10® CV-1 cells were resuspended in 35 ml
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Figure 1. Protocol for the isolation of DNA-rich nuclear matrix 
(see Materials and Methods for details).
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of LM buffer and incubated at 4°C for 10 minutes to hypo- 
tonically swell the cells. NP-40 was added to a final 
concentration of 1.0% and the mixture transferred to a 
Dounce homogenizer and subjected to 10 strokes with a loose 
fitting pestle. The homogenized cells were examined under a 
phase contrast microscope to ensure complete cell lysis. 
Nuclei were then pelleted by centrifugation at 1000 x g for 
5 minutes. Pelleted nuclei were resuspended in 10.0 ml of 
LM buffer and an equal volume of 4M NaCl/ 2 mM M g C ^ '  10 mM 
Tris-HCl (pH 7.4) buffer was added slowly while mixing 
gently with a teflon stirring rod. The resulting DNA-rich 
nuclear matrix was used in subsequent experiments.
DHase I Treatment of DNA-rich Nuclear Matrix. DNA-rich 
nuclear matrix was adjusted to a DNA concentration of 0.5 
mg/ml in 2 M NaCl* 1 mM MgCl2, 10 mM Tris-HCl pH 7.4 (HS) 
buffer. The suspension was prewarmed to 37°C for 5 minutes 
and DNase I added to 80 units/ml for mild digestion studies 
or 160 units/ml for extensive digestion analysis. At 
various time intervals aliquots of the digestion were re­
moved and mixed with 4 volumes of ice cold HS buffer to stop 
the reaction. The residual nuclear matrix was pelleted by 
centrifugation at 5000 x g for 20 minutes in a swinging 
bucket rotor (Beckman JS-13).
Kpnl Digestion of DNA-Rich Nuclear Matrix. To isolate 
DNA-protein complexes containing Kpnl sequence families, 
DNA-rich nuclear matrix was subjected to a series of high
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salt buffer washes and differential centrifugation steps to 
remove unbound proteins. The matrix was resuspended in 250 
ml of HS buffer and centrifuged at 10,000 x g (Beckman JS- 
7.5) for 25 minutes. This procedure was performed three 
times to ensure the removal of unbound proteins and the 
resulting DNA-rich nuclear matrix was subjected to dialysis 
against 4 liters of Kpnl restriction buffer at 4oC for 12 
hours. After dialysis, Kpnl restriction enzyme was added to 
1 unit/ug of DNA and the matrix DNA digested at 37°C for 4 
hours. A second aliquot of enzyme (0.5 unit/ug DNA) was 
then added and the incubation continued for three additional 
hours.
Metrizamide Gradient Ultracentrifugation. Metrizamide 
was added to 20 ml of 1 M NaCl-LM buffer to a final concen­
tration of 40%. The gradient media was then underlayed with
5.0 ml of KpnI-digested matrix containing 1 M NaCl-LM and 
45% metrizamide. The gradients were centrifuged at 30,000 
rpm at 5°C for 72 hrs (Beckman Ti-70 rotor). The gradients 
were collected in 1.0 ml fractions from the top of the tubes 
by pumping fluorinert through a hole punctured in the bottom 
of the tube. The densitites (p) of various fractions
were calculated from the refractive indices (n) using the 
formula : p 20°C = 3.046 q- 2.93B. The distribution of
protein in the gradient was measured by the Coomassie blue 
dye binding assay of Sedmak (described below) (47). DNA 
concentrations were measured after purification of the DNA
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as described above, using the EBr fluorescence assay.
Transfer of DNA from Agarose Gels to Solid Supports.
DNA fragments which were fractionated according to molecular 
weight in agarose gels were transferred to solid supports 
according to Southern (48).
The transfer of DNA fragments to nitrocellulose, 
GeneScreen and Zeta Probe Membrane supports was performed as 
follows. Gels were soaked in 4 volumes of 0.5 M NaOH, 1.5 M 
NaCl for 30 minutes with gentle shaking. After a brief 
rinse in water, the gels were neutralized in four volumes of 
0.5 M Tris-HCl (pH 6.8), 3.0 M NaCl for 30 minutes and then 
transferred to a blotting apparatus containing 12 X SSC. A 
sheet of either nitrocellulose, GeneScreen, or Zeta Probe 
Membrane, presoaked in 12 X SSC, was placed on top of the 
agarose gel and then three sheets of 12 X SSC soaked Whatman 
3MM filter paper. A two inch stack of dry paper towels was 
placed on top of the filter paper and the DNA allowed to 
transfer by capillary movement at room temperature for 
approximately 18 hours. After the transfer was complete the 
solid support paper was rinsed in 100 ml of 2 X SSC and then 
baked in a vacuum oven at B0°C for three hours.
DNA fragments in agarose gels were also transferred and 
covalently bound to DBM paper for multiple hybridizations 
with different probes. DBM paper was synthesized according 
to Christophe et al. (49). 1.96 grams of NBPC was added to
8.4 ml of DMF and heated in a water bath (37°C) until
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dissolved. Two sheets of Whatman 540 filter paper (16 x 30 
cm) were soaked in the solution and immediately placed in an 
oven at 130-135°C for 30 minutes. The paper was then washed 
with 350 ml acetone and twice with 700 ml water. The paper 
was treated in a solution of 70 grams sodium dithionite in 
700 ml 50 mM NaOH for 2 hours at room temperature. After 
four washes with 700 ml water and two washes with 350 ml 
acetone the ABM paper was oven dryed and stored at -20°C 
under N 2*
Prior to DNA transfer, ABM paper was converted to DBM 
paper in a diazotization reaction. A solution was prepared 
containing 22 ul of 50 mg/ml sodium nitrite and 1 ml of 1 M 
HC1 for each square centimeter of ABM paper. The ABM paper 
was soaked in the solution, precooled to 0°C, for 30 minutes. 
The DBM paper was rinsed three times (1 ml/cm^/wash) with 
0°c 1 M sodium acetate (pH 4.0).
The transfer of DNA from agarose gels to DBM paper was 
performed as described above with the following modifications. 
Gels were neutralized twice in four volumes of 1 M sodium 
acetate (pH 4.0) for 30 minutes. Also, 1 M sodium acetate 
was used in place of 12 X SSC in the blotting apparatus.
After the blotting was complete the DBM paper was rinsed 
twice in 250 ml of 0.5 M NaOH for 15 minutes followed by 
neutralization with two washes in 250 ml of 3 X SSC, 100 mM 
Tris-HCl (pH 7.4) for 20 minutes.
Preparation of Radioactive Probes. Some radioactive
probes were prepared by the incorporation of [ -32] dATP 
nucleotides into double stranded DNA in a DNA synthesis 
reaction (nick translation) (50). Approximately 2 ug of 
human recombinant plasmids pBK(1.2)12, pBK(1.5)54 or 
pBK(1.8)ll were resuspended in nick translation buffer con­
taining 9.76 uM [ -32P] dATP (635 Ci/mmole). Nick 
translation reactions were started by the addition of 10 
units of DNA Polymerase I, 0.125 ng DNase I and incubated at 
18°c for approximately 40 minutes. The reaction was stopped 
by the addition of EDTA to 10 mM and the DNA purified by two 
cycles of ethanol precipitation. The minimum specific 
activity of the probes was 1 x 10^ cpm/ug of DNA.
In other cases radioactive probes were prepared by the 
transfer of the gamma phosphate from [ -32P] ATP to the 5'- 
OH of the DNA to be labeled. The recombinant plasmids 
pBK(1.2)12, pBK(1.5)54 or pBK(1.8)ll were subjected to partial 
micrococcal nuclease digestion (0.45 units/0.5 ml TC buffer) 
for approximately one minute. This resulted in the generation 
of fragments with protruding 5'-0H termini, which serve as a 
substrate for the transfer of the gamma phosphate. DNA 
fragments were extracted once with phenol, once with CIA and 
then ethanol precipitated. DNA fragments with protruding 5' 
-OH groups were incubated in kinasing buffer containing 
approximately 200 uCi [ -32P] dATP and 10 units of T4 
polynucleotide kinase at 37°C for 15 minutes. The reaction 
was stopped with the addition of EDTA to 10 mM, ammonium
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acetate to 2.5 M and then ethanol precipitated. The minimum 
specific activity was 2 x 10? cpm/ug DNA
When DNA restriction fragments were to be labeled the 
5’ terminal phosphates were first removed by incubation in 
Wittig buffer containing 5.0 units calf intestine alkaline 
phosphatase. The reaction was incubated at 37°C for 20 
minutes and then at 65°C for 20 minutes. The phosphatase 
was inactivated by adjusting the reaction to 10 mM EDTA and 
heating to 65°C for 20 minutes. Restriction fragments were 
ethanol precipitated and labeled at their 5' termini as 
described above.
Slot-Blotting of DNA to Solid Supports. DNA samples 
were immobilized on Zeta Probe Membrane by filtration 
through a slot-blotting manifold (SRC 072/0 Schliecher and 
Schuell). DNA samples were resuspended in 200 ul of TE 
buffer and 1/10 volume of 3 M NaOH added. DNA was denatured 
at 65°C for 30 minutes and then neutralized by the addition 
of 200 ul of 2 M ammonium acetate. Samples were loaded into 
the slots and the solution allowed to filter slowly through 
the Zeta Probe membrane by gravity (approximately 12 hours). 
The membrane was then hybridized as described.
Detection of DNA Fragments by Blot Hybridization. 
Nitrocellulose* GeneScreen or DBM blots were pretreated 
in 20 ml of 10 X Denhardts solution containing 3 X SSC, 10 
mM Tris-HCl (pH 7.4) for 3 hours at 65°C. Denatured salmon 
sperm DNA was added to 50 ug/ml, SDS to 0.1% and the
incubation continued for 3 additional hours. After this 
pretreatment, approximately 5.0 x 10^ to 1.0 x 10^ cpm of 
the desired Kpnl probe was denatured by boiling for 7 
minutes and added to the blot containing the preincubation 
solution. DNA fragments were allowed to hybridize at 65°C 
for 12 to 18 hours. The blots were then subjected to 6 
consecutive stringency washes (100 ml) containing 3 X SSC at 
65°C for 15 minutes, followed by one wash in 100 ml 1 X SSC 
at room temperature for 15 minutes. The washed filters were 
placed in sealed plastic bags and subjected to autoradiography 
as described below.
Zeta Probe Membrane filters were pretreated by incuba­
tion in 500 ml of 0.1 X SSC, 0.5% SDS at 65°C for 1 hour and 
then in 20 ml of 0.5% Blotto (non-fat dry milk) (51), 3 X 
SSC at 65°C for about 24 hours. The desired Kpnl probe was 
denatured and added as described above and allowed to 
hybridize for 24 hours. The filters were then subjected to 
stringency washes consisting of 4 consecutive washes in 250 
ml of 3 X SSC, 0.1% SDS at 65°C for 30 minutes and 1 wash in 
250 mlO.l X SSC at room temperature for 15 minutes.
Reuse of Solid Supports for Hybridizations. DNA frag­
ments transferred to Zeta Probe Membrane or DBM paper were 
subjected to several cycles of hybridizations with different 
probes. Probes were stripped from Zeta Probe membrane by 
heating 500 ml of 0.1 X SSC with 0.1% SDS to 95°C and 
pouring the solution onto the membrane. The membrane was
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bathed in the Btrip solution, with mild agitation, until it 
cooled to room temperature. The stripping process was re­
peated and the blot rehybridized as described above.
Probes were stripped from DBM paper by bathing the blot 
twice in 250 ml of 0.5 M NaOH for 15 minutes with mild 
agitation. The blots were neutralized by bathing twice in 
250 0.1 M Tris-HCl pH 7.4, 3 X SSC for 20 minutes and 
rehybridized as described above.
Autoradiography. Filters containing radioactive DNAs 
were exposed to X-OMAT AR film with a Dupont Cronex Lightning 
Plus intensifying screen placed behind the film. The film 
was exposed in X-ray exposure holders (Kodak) at - 80°C for 
12 hours to 2 weeks depending on the extent of hybridization 
to the probes. Films were developed for approximately 7 
minutes in GBX developer, fixed in Rapid Fix for 5 minutes 
and then rinsed for 10 minutes in water.
Densitometry. DNA bands present on autoradiograms or 
film negatives were quantitated by scanning with a transmis­
sion densitometer (E-C Apparatus Corp.). The areas under 
the peaks were calculated by tracing the peaks on a digitiz­
ing pad (Houston Instruments Hipad) interfaced with a VMS 
microcomputer (Microproducts and Systems, Inc. Kingsport,
TN). A BASIC program was used to calculate the area under 
the peaks.
Cloning of Kpnl 1.2 kb fragments. The strategy for the 
construction of recombinant DNAs is outlined in Figure 2.
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Figure 2. Scheme for the cloning of Kpnl 1.2 kb 
segments (see Materials and Methods for details).
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Genomic Kpnl 1,2 Kb fragments from CV-1 DMA were isolated by 
electroelution onto DE-81 paper as described above. The 
plasmid vector pBK (22) was cleaved at the unique Kpnl site 
and subsequently treated with calf intestine alkaline phos­
phatase (described under preparation of probes) to remove 
the terminal phosphates. Removal of 5' phosphates on the 
plasmid was performed to prevent self ligation of plasmid 
termini and favor ligation of the Kpnl inserts into the 
plasmid. Kpnl inserts were ligated into the Kpnl site on 
the plasmid according to Burns (52). In the ligation 
reaction (10 ul reaction volume) 0.236 pmoles of insert were 
ligated with 0.261 pmoles of vector. The DNAs were resus­
pended in 30 mM Tris-HCl pH 8, 4 mM MgCl2 and heated to 65°C 
for 5 minutes and then cooled to room temperature. The 
reaction was adjusted to 10 mM DTT, 40 ug/ml BSA, 1 mM ATP,
2 units of T4 ligase were added and incubated at 16°C for 16 
hours. The recombinants were stored at - 20°C.
Bacterial Transformation. The transformation was per­
formed according Hanahan (53) using E. coli strain DH-1. 
Cells were grown in SOB media to an AggQ of 0.5, chilled to 
4oC and then pelleted by centrifugation at 1000 x g for 12 
minutes. The cells were resuspended in 1/12 the original 
volume in transformation buffer and made competent by incu­
bation of 200 ul of cells with 7 ul of DMSO for 5 minutes,
7.0 ul of MESBME for 10 minutes and 7 ul of DMSO for 5 
minutes, all steps at 4°C. Approximately 400 pg of the
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ligated plasmid plus insert was added to the competent cells 
and incubated on ice for 30 minutes. The transformation 
reaction was then heat pulsed to 42°C for 90 seconds and 
cooled at 4°C for 2 minutes. BOO ul of SOC media was added 
and the cells incubated at 37°C for 60 minutes.
Growth and Selection of Transformants. Bacteria con­
taining the recombinant plasmids in 100 ul of SOC media were 
spread on SOB-agar plates containing 20 ug/ml ampicillin.
The plates were incubated at 37°C until the ampicillin 
resistant colonies grew to approximately 0.5-1.0 mm in 
diameter. A replica plate was then made on nitrocellulose 
filters which were transferred to an SOB-agar plate 
containing 500 ug/ml chloramphenicol and incubated for 16 
hours at 37°C to amplify the plasmid copy number.
Colony DNA was then fixed to the nitrocellulose by 
soaking the filters, colonies uppermost, in succession on 
each of the following saturated pads for the designated 
times (54).
Pad 1. 0.5 M NaOH 7 minutes
Pad 2. 1 M Tris, pH 7.4 2 minutes
Pad 3. Repeat 2 2 minutes
Pad 4. 0.5 M Tris-HCl 7.4, 1.5 M NaCl 4 minutes
The filters were then dryed at room temperature and the DNA 
baked onto the filter by incubation at 80°C for 3 hours.
The colonies containing recombinant plasmids were 
identified by hybridization with radioactive genomic Kpnl
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1.2 kb fragments. The hybridization conditions were as 
described above with two modifications. The hybridization 
was performed in 2 X SSC at 55°C for 24 hours. After 
hybridization the filters were dryed and exposed to x-ray 
film. Clones were identified as dark spots on the film.
Mini-Scale Preparation of PlaBmid (55). Single 
colonies were transferred to 12 ml of SOB media containing 
20 ug/ml ampicillin and incubated with shaking at 37°C 
overnight. Bacteria were pelleted at 10,000 x g far 5 
minutes, resuspended in 200 ul of cold TE buffer plus 10 ul 
of 0.5 M EDTA and transferred to 1.5 ml Eppendorf tubes.
One hundred ul of fresh lysozyme solution was then added and 
the cells were incubated on ice for 15 minutes. Pancreatic 
ribonuclease (10 ul of 20,000 units/ml stock) and 240 ul of 
Triton solution were added and the reaction was incubated on 
ice for 15 minutes and centrifuged for 15 minutes. The 
supernatant was extracted once with phenol and once with 
CIA. To the aqueous phase sodium acetate was added to 0.3 M 
and the DNA ethanol precipitated. The DNA pellet was dryed 
and resuspended in 100 ul TE buffer followed by the addition 
of 40 ul of 30% polyethylene glycol 6000-1.8 M NaCl. The 
DNA was incubated at 4°C overnight and then centrifuged for 
15 minutes, to collect the precipitated plasmid DNA. The 
plasmid DNA pellet was resuspended in 100 ul 0.3 M sodium 
acetate, extracted once with CIA to remove residual PEG and 
then ethanol precipitated.
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Large-Scale Preparation of Plasmid. Cells from a 
single colony were innoculated into 20 ml of SOB containing 
20 ug/ml ampicillin and incubated in a shaker at 37°C 
overnight. Ten ml of the culture was transferred to 500 ml 
of SOB with ampicillin and incubated at 37°C until the Ag00 
reached 1.0. Chloramphenicol was added to 0.15 mg/ml and 
the incubation continued overnight. The cultures were then 
poured into 250 ml bottles, chilled on ice for 15 minutes 
and centrifuged at 10,000 x g for 10 minutes at 4°C. The 
pellets were resuspended in 25 ml of lysozyme buffer and 
then 25 ml of fresh lysozyme solution (4 mg/ml lysozyme in 
lysozyme buffer) was added and the cells incubated for 30 
minutes on ice. One ml of Pancreatic ribonuclease (20,000 
units/ml) and 24 ml of Triton solution were added and the 
incubation continued for 30 minutes. Cell lysates were 
centrifuged at 15,000 x g for 30 minutes. The supernatants 
were extracted twice with phenol saturated with 1 M Tris-HCl 
(pH 8) and once with CIA. The DNA was ethanol precipitated 
and resuspended in 25 ml of TE buffer, 10 ml of 30% PEG- 
6000-1.8 M NaCl was added and the mixture incubated 
overnight at 4°C. Plasmid DNA was collected by centrifuga­
tion at 15,000 x g for 20 minutes and resuspended in 0.3 M 
sodium acetate. The aqueous solution was then extracted 
twice with CIA, to remove residual PEG, and the DNA ethanol 
precipitated.
DNA Sequencing. DNA fragments were 5' end labelled as
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described above and then subjected to the chemical DNA 
sequencing method of Maxam and Gilbert (56). The products of 
the sequencing reactions were resuspended in sequencing gel 
loading buffer and electrophoresed on denaturing gels. The 
gels contained between 6 and 20% polyacrylamide (19/1 acrylamide 
bis) 8.3 M urea and 50 mM TBG buffer. Gel solutions were 
degased for 2 minutes and polymerization initiated by the 
addition of ammonium persulfate to 0.07%(w/v) and TEMED to 
0.03%(v/v). The solutions were poured between glass plates 
(15 x 40 cm) with 0.3 mm thick spacing strips and allowed to 
polymerize overnight. Sequencing gels were preelectrophor- 
esed at 1600 volts (constant voltage) for 1 hour. DMA 
samples were heated to 90°C for 3 minutes, loaded into the 
wells and electrophoresed at between 1600-2500 volts until 
the tracking dyes migrated to the desired positions. After 
electrophoresis the plates were disassembled and the gels 
subjected to autoradiography as described above.
Determination of Protein Concentrations. A Coomassie 
brilliant blue G250 dye binding assay was used to determine 
protein concentrations (47). The Coomassie G250 dye was 
prepared as a 0.06%(w/v) solution in 1.9%(w/v) PCA and 
filtered through Whatman No. 1 filter paper. The assay 
consisted of adding 0.5 ml of G250 solution to 25-100 ul of 
protein solution and then measuring the absorbance at 620 
nm. Protein concentrations were determined by extrapolation 
of absorbances from a standard curve of BSA.
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Gel Electrophoresis of Proteins. Proteins were subjected 
to SDS—PAGE with a discontinuous buffer system according to 
Thomas and Kornberg (57). Resolving gel solutions routinely 
contained 18% polyacrylamide (30:0.15 acrylamide/bis)f 0.75 
H Tris-HCl (pH 8.8), 0.1% SDS and 1.5 ml of freshly prepared 
1.5%(w/v) ammonium persulfate. Gels solutions were degased 
for 2 minutes, 15 ul of TEMED was added and gently mixed in. 
The resolving gel mixture was poured between glass plates,
(16 x 18 cm) containing spacers 1.5 mm thick, to within 3.0 
cm of the top of the plate and overlayed with water 
saturated isobutanol. The gels were allowed to polymerize 
overnight. A stacking gel containing 3% polyacrylamide 
(30:0.8 acrylamide/bis), 0.125 M Tris-HCl (pH 6.8), 0.1% SDS
and 1.0 ml of fresh 1.5% ammonium persulfate was polymerized 
with the addition of 15 ul of TEMED and poured on the 
resolving gel. A comb was inserted immediately into the 
stacking gel mixture, and the gel allowed to polymerize for 
1 hour.
Protein samples were resuspended in 50 mM Tris-HCl (pH 
6.8), 2% SDS, 10% glycerol, 0.02% bromophenol blue, 0.02% 
xylene cyanol and 5 mM DTT. Prior to electrophoresis samples 
were heated to 95°C for 3 minutes and immediately loaded 
into the wells. Gels were electrophoresed at 30 mA (constant 
current) in running buffer containing 0.05 M Tris, 0.38 M 
glycine, 0.1% SDS (pH 8.3) until the xylene cyanol migrated 
to the bottom of the gel.
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Detection of Proteins in Gels. Proteins were detected 
by silver staining polyacrylamide gels according to Wray (58). 
Gels were fixed in 300 ml methanol:watertacetic acid (5*5s 1) 
overnight. After fixing, the gels were rinsed three times 
in alternating washes of water and 50% methanol (250 
ml/wash) for 30 minutes with moderate shaking, to remove 
residual acrylic and acetic acids. The silver staining 
solution was prepared by dissolving 0.B grams of silver 
nitrate in 4 ml of water and adding the solution dropwise to 
21 ml of 0.36% NaOH containing 1.4 ml concentrated ammonium 
hydroxide. The solution was brought to 100 ml with water 
and poured into a plastic box containing the gel. The gel 
was soaked in the staining solution for 60 minutes with mild 
agitation. The staining solution was then poured out and 
the gel rinsed 3 times in 300 ml of water for 5 minutes each. 
Protein bands were visualized by developing the gel in 500 
ml of a solution containing 0.005% (w/v) citric acid and 
0.02%(v/v) formaldehyde for 10-15 minutes. The development 
process was stopped by rinsing the gel in 50% methanol.
CHAPTER 3 
RESULTS
Characterization of Kpnl Families. Digestion of 
purified AGM DNA with the enzyme Kpnl released a population 
of KpnI-sensitive fragments less than 2 kb in length. 
Ethidium bromide (EBr) staining of the DNA subjected to 
agarose gel electrophoresis detected two prominent bands 
containing DNA fragments of 1.2 and 1.5 kb (Fig. 3, lane C). 
DNA in each of these bands represents sequences belonging to 
the Kpnl 1.2 and 1.5 kb families, respectively. The DNA in 
the agarose gel was then transferred to nitrocellulose 
paper, by Southern blotting, for hybridization analysis with 
radioactive Kpnl DNA probes. Hybridization with a cloned 
probe from the human 1.2 kb family (pBK(1.2)ll) shows that 
the 1.2 kb EBr stained band from AGM contains sequences 
homologous to the 1.2 kb sequences found in humans (Fig. 3, 
lanes D and D). Similar cross species homology was observed 
for the AGM 1.5 kb EBr stained bands which hybridized with a 
human cloned 1.5 kb family probe (pBK(1.5)54) (Fig. 3, lanes 
F and G).
A second population of longer (>2.0 kb) segments was 
also detected which hybridized to more th,an one Kpnl probe. 
For example, a band of 2.7 kb was present which hybridized 
to both the 1.2 and 1.5 kb probes. This segment may 
represent a fusion of 1.2 and 1.5 kb segments with the loss 
of the centralized Kpnl site. Another segment of about
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Figure 3* Comparison of Kpnl families in the African green 
monkey (AGM) and human (H) DNA. Equal amounts of DNA from H and 
AGM were digested with Kpnl, electrophoresed through a 0.7% 
agarose gel and stained with EBr (lanes B, C). The DNA in lanes 
B and C was transferred to Zeta Probe Membrane for blot hybrid­
ization analysis with human 1.2 kb (lanes D, E) and human 1.5 kb 
(lanes F, G) family probes. Lane A contains phage T3/MboI DNA 
markers of the following lengths: 12.8, 6.3, 5.6, 3.0, 2.7, 2.5,
2.1, 1.3, 0.75 and 0.70 kb. The arrows near the top of lanes c, 
e and g point to high molecular weight DNA containing Kpnl- 
resistant sequences.
H AGM H AGM H AGM
4 kb 
7 kb
5 kb
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3.4 kb, which does not hybridize to the 1.2 kb family probe, 
hybridized to both 1.5 and 1.8 kb family probes. This 
segment may contain a fusion of a 1.5 and a 1.8 kb segment.
Some Kpnl sequences belonging to both the 1.2 and the
1.5 kb families formed high molecular weight smear patterns 
(>6.5 kb) near the tops of agarose gels (Fig. 3 arrows).
These DNAs contain regions which are homologous in sequence 
to the respective, individual 1.2 or 1.5 kb segments but 
lack internal Kpnl restriction sites. Hence, they were only 
occasionally cleaved by Kpnl and remained linked to the bulk 
of the DNA. These DNAs constitute a third population of 
Kpnl segments and will be referred to as KpnI-resistant 
sequences.
KpnI-resistant sequences can be released from the bulk 
of the DNA by digestion with Rsal. This enzyme recognizes 
the four internal nucleotides (S'-GTAC-S1) of the Kpnl 
restriction site (5'-GGTACC-3') (see table 1). Figure 4 
(lane C) shows the EBr stained agarose gel pattern of total 
AGM DNA treated with Rsal. A continuum of fragments are 
produced ranging from less than 0.20 kb to greater than 
12 kb. Hybridization with a 1.2 kb family probe shows that 
essentially all of the homologous sequences near the top of 
the gel in the Kpnl digests were reduced to a simple series 
of low molecular weight fragments by Rsal (Fig. 4, lanes D 
and E). Kpnl 1.2 kb family sequence are cleaved by Rsal 
into three fragments with lengths of 1.2, 0.835 and 0.408 kb.
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Figure 4. Comparison of Kpnl and Rsal cleavage patterns 
of AGM DNA. Equal amounts of AGM DNA were digested with Kpnl or 
Rsal, electrophoresed through a 1.0% agarose gel and stained with 
EBr (lanes B, C). The DNA in lanes b and c was transferred to 
Zeta Probe Membrane for hybridization with 1.2 kb (lanes D, E) 
and 1.5 kb family probes (lanes F, G). Lane A contains phage T3 
markers as described in figure 4.

AO
Figure 5. Preparative agarose gel electrophoresis of AGM 
DMA digested with KpnI. One hundred ug of Kpnl digested AGM DMA 
was electrophoresed through a 0.6% agarose gel and stained with 
EBr. Individual 1.2 and 1.5 kb bands were excised from the gel 
and purified by the freeze-squeeze procedure described 
in the Materials and Methods. Also, the high molecular weight 
DNA containing KpnI-resistant segments near the top of the gel 
(region between arrows) was excised and purified.
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Figure 6. Analysis of isolated Kpnl 1.2 and 1.5 kb frag­
ments treated with Rsal. Panel A. Kpnl 1.2 kb fragments were 
isolated from a preparative agarose gel (Fig. 5), restricted with 
Rsal, electrophoresed through a 1.0% agarose gel and stained with 
EBr (lane 1). The DNA in lane 1 was transferred to DBM paper for 
hybridization with a Kpnl 1.2 kb family probe (lane 2). Kpnl- 
resistant fragments, isolated from a preparative agarose gel, 
were also treated with Rsal and electrophoresed through a 1.0% 
agarose gel. The DMA in the EBr stained gel (lane 3) was sub­
sequently transferred to Zeta probe for hybridization with a Kpnl 
1.2 kb family probe (lane 4). Lane 5 contains total A6M DNA 
treated with Rsal. Panel B. Isolated 1.5 kb fragments were 
treated with Rsal, electrophoresed through a 1.0% agarose gel and 
stained with EBr (lane 1). The DNA in lane 1 was transferred to 
DBM paper for hybridization analysis with a 1.5 kb family probe 
(lane 2). Isolated KpnI-resistant fragments were treated with 
Rsal. The DNA in the EBr stained gel was transferred to 
Zeta Probe and hybridized with a Kpnl 1.5 kb family probe (lane 
3). Lane 4 contains total A6M DNA treated with Rsal.
A1 .2  kb
0 .835
0 .4 0 8
1 .2  kb 
0 .835
0 .408
1 .5  kb
0.927
0 .795
0 .7 0 2
iUA-
1 .5  kb
0 .927
0 .795
0 .702
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There are two explanations for the presence of the Rsal
0.835 and 0.408 kb fragments which are not produced by Kpnl 
digestion. Some 1.2 kb members may contain an additional 
internal Rsal site in the 1.2 kb fragment which is cleaved 
to release two subfragments of 0.835 and 0.408 kb. 
Alternatively, the smaller fragments may each represent 
different sequence length subpopulations within the 1.2 kb 
family. For example, the 0.835 kb fragment may exist as an 
individual Kpnl sequence embedded in DNA sequences not part 
of the 1.2 kb family. Likewise, the 0.408 kb fragment may 
also exist as an individual Kpnl unit embedded in non-Kpnl 
sequences.
To determine the origin of the Rsal cleaved fragments 
indivdual 1.2 kb bands were isolated (Fig. 5) and treated 
with Rsal. Figure 6 shows the Rsal cleavage pattern of the 
isolated 1.2 kb segments (Kpnl-sensitive) stained with EBr 
(Panel A, lane 1). Some members contain internal Rsal 
sites, since two subfragments of 0.835 and 0.408 kb were 
observed. Also, the intact 1.2 kb band contains other 
family members which do not contain internal Rsal sites.
Blot analysis of the Rsal digest with a 1.2 kb family probe 
also detected 3 fragments of 1.2, 0.835 and 0.408 kb (Panel 
A, lane 2). KpnI-resistant sequences were also analyzed by 
Rsal digestion. EBr staining of these digests displayed a 
smear of fragments ranging from greater than 12 kb to less 
than 0.2 kb in length (Panel A, lane 3). Blot hybridization
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of the same DNA with a 1.2 kb probe also detected three 
bands of 1.2 and 0.835 and 0.408 kb (Panel A, lane 4).
Rsal also cleaves the Kpnl 1.5 kb family into a simple 
series of fragments. Figure 4 (lanes F and G) shows that 
the bulk of the Kpnl digest is cleaved by Rsal into four 
bands of 1.5, 0.927, 0.795 and 0.702 kb. It is possible 
that some of the smaller fragments (<1.5 kb) represent the 
cleavage of 1.5 kb fragments at internal Rsal sites. To 
examine this possibility 1 .5  kb fragments were isolated (see 
Fig. 5) and treated with Rsal. Figure 6 shows the Rsal 
cleavage pattern of 1.5 kb fragments stained with EBr (Panel 
B, lane 1). Four distinct bands of 1.5, 0.927, 0.795 and
0.702 kb were present. Hybridization of the bands with a
1 .5  kb family probe revealed an identical pattern (Panel B, 
lane 2). The majority of the 1 .5  kb segments contain 
internal Rsal sites which, when cleaved by Rsal, are reduced 
to subfragments of 0.927, 0.795 and 0.702 kb. Not all 
members of this family contain internal Rsal sites as 
indicated by the presence of some intact 1 .5  kb fragments.
The 1.5 kb family also contains members which resist 
Kpnl cleavage and remain in the high molecular weight smear 
near the top of the agarose gels (Fig 3, lane G). These 
sequences also were isolated and analyzed by Rsal digestion 
KpnI-resistant members in this family, when treated with 
Rsal, exhibited a gel pattern identical to that of RBal 
digested 1.5 kb fragments (Fig. 6 Panel B, lanes 2 and 4).
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Three subfragments of 0.927, 0.795 and 0.702 kb were 
generated. Presumably these fragments originated from the 
cleavage of KpnI-resistant 1.5 kb sequences with internal 
Rsal sites. Other KpnI-resistant members do not contain 
internal Rsal sites as shown by the presence of intact
1. 5 kb bands.
In summary, three populations of Kpnl segments 
were identified and classified as KpnI-sensitive segments, 
Kpnl fusion segments and KpnI-resistant segments. Some 1.2 
and 1.5 kb family segments from both KpnI-resistant and 
KpnI-sensitive populations contained internal Rsal sites 
while other members did not.
Cloning and Sequencing of a Kpnl 1.2 kb Segment.
Genomic Kpnl 1.2 kb segments isolated from AGM were inserted 
into the plasmid pBK at the unique Kpnl site and cloned in 
E. coli strain DH-1. One hundred ampicillin resistant 
colonies were picked and screened for plasmids containing 
Kpnl inserts. Colony hybridization with radioactive genomic 
Kpnl 1.2 kb segments detected two clones pBK{1.2)14 and 
pBK(1.2)39 with Kpnl inserts. DNA from the individual 
clones was isolated as described in the Materials and 
Methods (plasmid mini-prep) and analyzed by restriction 
enzyme digestion. The Kpnl insert (Kpn(1.2)14) in clone 
pBK(1.2)14 was selected for DNA sequencing based on the 
similarity of its restriction site map to that of isolated 
genomic 1.2 kb segments. The enzymes Taq I, Hind III and
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Figure 7. Restriction map of the cloned sequence Kpn(1.2)14 
and sequencing strategy. The restriction map was constructed by 
subjecting Kpn(1.2)14 DNA to a series of partial enzyme digests 
with Taq I (Tq), Hinf I (Hf), Hae III (Hae), and Rsa I (Rsa)
(line A). The sequencing strategy is illustrated in lines B and 
C. The 1.2 kb fragment was cleaved at the Hind III site and 5' 
end labeled (*). (line B). Another aliquot of the same DNA was 
also cleaved with Taq I and 5* end labeled {*) (line C). Bach 
arrow represents the length of sequence determined in one 
independent experiment. Arrows pointing to the left indicate 
sequecning of the "Crick" strand and to the right indicate 
sequencing of the "Watson" strand of the alpha helix. Line D 
contains the regions of the fragment that were sequenced and the 
corresponding numbers that were assigned to the nucleotides in 
each region (see Figure 9).
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Figure 8. Sequencing gel analysis of clone Kpn(1.2)14.
The 138 bp Hind III-Taq I fragment was isolated from clone 
pBK(1.2)14 (see Figure 7, line B). The fragment was subjected 
to the Maxam and Gilbert chemical sequencing technique 
and electrophoresed on a 8% polyacrylamide, 8 M urea gel. Lanes 
1 and 2 contain the same DNA fragments electrophoresed for 
different periods of time. The letters at the top of the lanes 
indicate the nucleotide baBe(s) that have been modified in that 
reaction (G^Guanosine, A=Adenosine, C=Cytidine, T=Thymidine).
The partial nucleotide sequences is illustrated to the left of 
lane 1. The sequence is read starting from the 5' end of the 
molecule at the bottem of the gel to the 3* end at the top 
(region between arrows).
Lane
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Figure 9. Partial nucleotide sequence of Kpn(1.2)14.
The numbers above the sequence delineate the regions of the 
fragment that were sequenced as illustrated in Figure 7, line D. 
The underlined sequence, AAATAA, is a polyadenylylation 
signal sequence.
10 20 30 40 50 60
ACATCTATTGAGATAATATGTGGTTTTTGTCACTGGTTCTGTTTATGTGATGGACGTTTT
70 80 90 100 110 120
TGTCACTGGTTCTGTTTATGTGATGGATTACGTTTATTGATTTGCACATGTTGAACTAAC
130 140 150 160 180 190
C ....  TTTTGATGTGCTGCTGCTGGATTCTGTTTGCCAGTATTTTATGAAGGATTTT
200 210 220 230 240 250
TGCATCGATGTTCATCAGGAATATTGGCCTGAAATTTCCTTTTTTGTTGTGTCTCTGCAG
260 270 280 290 300 310
GTTTTGGTATCAGGATGATTATGACCTAATTAAATAAGTTGGGAAGGAGTCCTTCTTTTT
320 330 333 343 353 363
TTATTGTTTGGAGTTTCAGAAG ....  GATTCACCAGAAAACCCCACTGTTTGCACGT
373 383 393 403 413 423
GACATACTTGTACATTTAGAAAACCCCTATTGTCTCTAGCCCATACACATCTCGCTTATA
433 443 453 563 473
TGTCTTGTAGTGAGAGGCTATATCTCTACGACGACTAGAAAAGGTGCGTGCGG
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Hinf I cleaved clone Kpn(1.2) 14 Into fragment sizes 
characteristic of genomic 1.2 kb segments (see Figure 7 for 
a restriction site map).
To facilitate the sequence determination of clone 
Kpn{1.2)14 it was first necessary to cleave it into several 
smaller fragments; small fragments are more readily resolved 
on DNA sequencing gels. The sequencing strategy involved 
TaqI cleavage of the 1.2 kb fragment into 4 pieces of 137, 
199, 489 and 441 bp. These Taq I fragments were 5* end 
labelled with ^2p and cleaved with another restriction 
enzyme to separate the two labelled ends before use in DNA 
sequencing. The partial nucleotide sequence of Kpn(1.2) 14 
is shown in Figure 9 and an example of a DNA sequencing gel 
in Figure 8. Analysis of the nucleotide sequence failed to 
detect any internal repeated sequences. Also, comparison of 
the partial sequence of Kpn(1.2 ) 14 with other published 
Kpnl sequences did not detect any regions of homology.
Isolation of Nuclear Matrix. The incubation of 
eukaryotic cells in a hypotonic buffer (0.2 mM MgClj, 10mM 
Tris-HCl) resulted in osmotic swelling and distortion of the 
cell membrane. Subsequent homogenization in the presence of 
the nonionic detergent NP-40 caused cell lysis, solublized 
the cytoplasmic and outer nuclear membranes and releasing 
nuclei. Washing nuclei in 2M NaCl removed greater than 60% 
of the total nuclear protein, including both histones and 
nonhistones (71). The resulting complex of DNA and residual
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protein is referred to as the DNA-rich nuclear matrix and 
can be visualized as a halo of DNA loops surrounding a 
proteinaceous residual nuclear skeleton, scaffold or matrix 
(35).
Incubation of the DNA-rich nuclear matrix with low con­
centrations of DNase I resulted in the gradual cleavage and 
release of DNA loops from the matrix, which was isolated 
after low speed centrifugation. Depending on the extent of 
digestion, from 67% to 2.8% of the DNA in the loops remained 
attached to the residual nuclear matrix (Table 2). This 
residual DNA represents DNase I resistant portions of the 
loopB that occur progressively nearer to the sites of loop 
attachment to the proteinaceous nuclear skeleton. Those 
sequences that are involved in the attachment of DNA loops 
to matrix proteins will be referred to as attachment DNA 
(att-DNA) sequences.
The minimum att-DNA fragment length (i.e. the length of 
DNA at the base of the loop that is involved in anchoring to 
protein) has not yet been determined. The length of att-DNA 
was estimated by analytical gel electrophoresis of residual 
DNA fragments that remain anchored to matrix proteins 
subsequent to DNase 1 digestion (Pig. 10). Analysis of the 
gel patterns shows that the length of residual DNA that 
remained anchored to the nuclear matrix decreased with 
continued incubation in the presence of DNase I. Undigested 
DNA loops (Fig. 10, lane B) exhibited an average length of
TABLE 2
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Digestion of DNA-Rich Nuclear Matrix with DNase I
DNase I
Incubation
(minutes)
Residual 
Fragment 
Size(kb)
Percentage of Total DNA-Rich Matrix*
Anchored to Matrix Released as 
loops
0 40 100% 0%
0.5 40 67% 33%
1.5 35 43% 57%
5.0 30 11.6% 88.4%
20.0 10 2.8% 97.2%
* DNA-rich nuclear matrix was digested mildly with DNase I and equal 
aliquots of the digestion removed at the time intervals indicated.
The residual DNA remaining with the matrix was purified and the con­
centration measured and compared with an equal aliquot of undigested 
matrix.
A  residual DNasel digested matrix
X  D .260 —  r— ;--r-j— “------------ x 100
260 undl8eated matrix
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Figure 10. Analysis of residual DNA fragments remaining 
anchored to the nuclear matrix after DNaBe I digestion. DNA-rich 
nuclear matrix was digested mildly with DNase I and equal 
aliquots removed at various times during the digestion. After 
purification, equal amounts of matrix DNA samples were loaded 
into the wells and electrophoresed through a 0.6% agarose gel.
The percent values at the top of the lanes indicate the amount of 
residual DNA remaining with the matrix at specific time points in 
the digestion. The DNA in lanes B, C, D, E and F were DNase I 
digested for 0, 0.5, 1.5, 5 and 20 minutes, respectively. Dane A 
contains lambda DNA/Hind III markers (23.1, 9.4, 6.5, 4.3, 2.3, 
2.0, 0.5 and 0.1 kb). Lane G contains T3 phage DNA/Mbo I markers 
(12.8, 6.3, 5.6, 3.0, 2.7, 2.5, 2.1, 1.3, 0.75 and 0.70 kb).
1005 672 432 11.62 2.82
23 ,1  kb
4 .3  kb
2 .3  kb
12 .8  kb 
3 .0  kb
1 .3  kb
A B C D E F G
51
greater than 40 kb which were reduced to a mean length of 
10 kb (Fig. 10/ lane E) after mild DNase I digestion* Thus* 
the att-DNA that remains anchored to the nuclear matrix, 
when greater than 97% of the DNA has been released, has an 
apparent mean length of 10 kb.
It is important to note that the conditions of DNase I 
treatment were chosen to be extremely gentler thus, the DNA 
loops released from the matrix and those fragments remaining 
attached are not extensively degraded* It is possible that 
only 100-200 bp of the estimated 10 kb att-DNA is actually 
involved in anchoring a DNA loop to the nuclear matrix* The 
remaining portions could represent segments at or near the 
base of the loops that are not intimately associated with 
nuclear matrix proteins but exhibit resistance to DNase I 
hydrolysis.
To examine this possibility DNA-rich nuclear matrix was 
digested extensively with DNase I and the size of residual 
att-DNA fragments compared with control DNA (deproteinized 
total nuclear DNA) digested under identical conditions. If 
10 kb of att-DNA is indeed anchored to protein then it 
should be partially protected from DNase I cleavage and. as 
a result, exhibit larger fragment sizes than unprotected 
control DNA.
Comparison of DNA fragment sizes indicated that att-DNA 
(Fig. 11, lanes B-E) was consistently larger that similarly 
digested control DNA (lanes G-J). Att-DNA purified after a
52
Figure 11. Comparison of DNA fragment sizes of att-DNA 
(lanes B-E) verses control DNA (lanes G-J). DNA-rich nuclear 
matrix and control DNA (deproteinized total nuclear DNA) were 
digested extensively with DNasel under identical conditions. At 
various times during the digestion aliquots were removed and the 
DNA purified. Equal amounts of DNA from each time point were 
electrophoresed through a 1.0% agarose gel. The numbers at the 
top of the lanes indicate the time of DNase I digestion in 
minutes. Lane A contains T3 DNA/Mbo I markers described in 
Figure 10. Lanes F and K contain pBR322 DNA/Hinf I markers 
(1631, 517, 396, 344, 298, 220, 154 and 75 bp). The EBr staining 
material near the bottem of lanes C, D and E is RNA that co­
purified with matrix DNA (arrow).
0 10 30 90 0 10 30 90
10 minute incubation period was resolved into a mean mass 
fragment length of 9.7 kb compared to 7.7 kb for control DNA 
(Fig. 11« lanes C and H). Similarly, in the continued 
presence of DNaBe I (i.e 90 minute incubation) att-DNA 
remained larger (0.4 kb) when compared to control DNA 
(0.157 kb) (Fig. 11, lanes E, J). These results indicate that 
nuclear matrix proteins do afford partial protection to att- 
DNA against DNase I hydrolysis. The actual length of att- 
DNA appears to depend on the DNase 1 digestion conditions 
used. Thus, the absolute att-DNA fragment length must be 
operationally defined as the relative amount of residual DNA 
that remains with the matrix under certain DNase I digestion 
conditions•
Presence of Kpnl DNAs in The Nuclear Matrix. Kpnl 
sequences have been postulated as having some role in the 
anchoring of DNA loops to the nuclear matrix. If this is 
true then one would expect an increase in the relative 
content of Kpnl sequences in the population of att-DNA 
fragments anchoring DNA loops to the matrix.
To determine the relative amounts of Kpnl sequences 
present in att-DNA, DNA-rich nuclear matrix was extensively 
digested with DNase I. At various time intervals during the 
reaction aliquots of the digest were removed and the att-DNA 
prepared and “slot-blotted" to Zeta Probe membrane.
Figure 12 illustrates the content of 1.2 and 1.5 kb 
family sequences in att-DNA. A gradual'decrease in the
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relative sequence content of total 1.2 kb family members was 
observed (lane 1). When att-DNA was digested to a fragment 
size of 0.4 kb (i.e. only those sequences most tenaciously 
bound to matrix proteins remain) a five-fold depletion in 
total 1.2 kb family sequences was observed (Table 3). A 
similar decrease in the relative att-DNA sequence content of 
total 1.5 kb family DNAs was also detected (Fig. 12f lane 
2). Att-DNA fragments of 0.4 kb. were depleted by greater 
than four fold in these sequences (Table 3). Thus, the 
majority of the sequences in the Kpnl 1.2 and 1.5 kb 
families appear to be organized in the loop portion and are 
not involved in anchoring DNA to the nuclear matrix.
However, a significant, detectable amount of Kpnl sequences 
from each family were present in the population of DNA 
fragments that anchor DNA loops to matrix proteins.
This type of analysis does not discriminate between the 
different sequence populations which constitute a Kpnl 
family, i.e. members that are Kpnl sensitive verses others 
that are Kpnl resistant but Rsal sensitive. This ambiguity 
was resolved by treating purified att-DNA with Kpnl and 
subjecting the products to analytical gel electrophoresis 
(Fig 13). The gel patterns show that 1.2 kb segments (Kpnl- 
sensitive) are present in residual att-DNA fragments that 
remain with the matrix after the loops have been released by 
mild DNase I treatment. Preparations containing 2.8% of the 
total DNA in a loop (att-DNA fragments of M 10 kb) were
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Figure 12. Hybridization of Kpnl probes to residual matrix 
DNA. DNA-rich nuclear matrix was digested extensively with DNaBe
I. At various time intervals during the digestion aliquots were 
removed and the att-DNA purified. Equal amounts
of DNA from each time point were "slot-blotted" onto Zeta Probe
membrane for hybridization analysis. The length of the DNA 
fragments was estimated from the gel photograph in Figure 11 
(lanes b-e). Lane 1, residual matrix DNA hybridized
with a Kpnl 1.2 kb family probe. Lane 2 ,  residual matrix DNA
hybridized with a Kpnl 1.5 kb family probe.
Residual matrix DNA 
fragment size (kb)
> 40 
9.7
2.4
0.4
Hybridization to
1.2 kb family
Hybridization
1.5 kb family
Lane 1 2
TABLE 3
Relative Percentage of Kpnl Family Sequences in Residual Matrix DNA*
DNasel Residual 1,2 feb Family 1,5 kb Family
Digestion
(minutes)
Fragment 
Size (kb)
0 40 100% 100%
10 9.7 40% 44%
30 2.4 24% 24%
90 0.4 17% 25%
* The values were derived from the densitometrlc quantitation of the 
radioactive signals in the slot blots from Figure 12. The percentages 
represent the amount of hybridization to att-DNA compared to untreated 
matrix DNA.
„ o band intensity of DNbbbI digested matrix DNA 
band intensity of undigested matrix DNA
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reduced in their content of 1.2 kb fragments to 64% of the 
amount present in undigested DNA (Table 4)*
Since it is possible that some of the EBr stained 1.2 kb 
segments may represent non-Kpnl sequences which co-migrate 
with the Kpnl fragments, matrix DNA in agarose gels was 
transferred to DBM paper for multiple hybridizations with 
different Kpnl probes (Figs. 14 and 15). Quantitation of
1.2 kb bands in matrix DNA detected a depletion in the 
relative amount of these segments. In matrix preparations 
containing 2.8% of the initial DNA, a depletion to 18% of 
the control amount was observed (Fig. 14, Table 4). Thus,
Kpnl 1.2 kb segments are present, but in impoverished amounts, 
in the region of attachment of DNA loops to the nuclear 
matrix. The greater depletion observed by autoradiography 
reflects the fact that a significant proportion of the Kpnl 
segments in the EBr stained 1.2 kb bands are not homologous 
to the cloned human probe and may represent a distinct Kpnl 
sequence subfamily.
The relative amount of Kpnl sensitive 1.5 kb segments 
in matrix DNA was also studied. Quantitation of the 1.5 kb 
EBr stained bands (Fig. 13) revealed a gradual decrease in 
the relative content of these segments as increasing amounts 
of DNA are released from the matrix. In matrix preparations 
containing only 2.8% of the initial DNA a depletion in
1.5 kb segments to 35% of the control amount was observed 
(Table 5). Similarly, blot hybridization of the DNA in
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Figure 13. Presence of Kpnl sequences in residual matrix 
DNA. DNA-rich nuclear matrix was digested mildly with DNase I 
and aliquots removed at various time intervals during the 
digestion. Equal amounts of purified matrix DNAs were digested 
with Kpnl and electrophoresed through a 0.7% agarose gel. The 
various matrix preparations are identified by the amount of 
residual DNA remaining with the matrix after DNase I digestion. 
The last lane contains T3 DNA/Mbo I markers as described in 
Figure 10.
1001 43Z 11.61 2.8: Tj/fool
TABLE 4
Relative Percent of Kpnl 1.2 kb Segments in Residual Matrix BRA
Mean Fragment DNase 1 Digestion Percent of Total DNA Relative Percent of 1.2 kb Segments*
Size (kb) (minutes) Remaining with Matrix ---------------------------------
EBr Staining 1.2 kb Probe
>40 0 100Z 100% 100%
>40 1.5 43% 93% 75%
35 5.0 11.6% 85% 26%
10 20.0 2.8% 64% 18%
* The percent values were calculated by densitometric quantitation of EBr stained bands (Fig. 13)
,  ^ ^  ^  * band intensity of 1.2 kb bands in matrix DNA x 100
ood the autoradiogram of the gel blot (Fig. Id), Z . tand af 1-2 tb baad; ln ccmtror D m
\D
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Figure 14. Hybridization of a 1.2 kb probe to residual 
matrix DMA. The matrix DNAs in the gel in Figure 13 were 
transferred to DBM paper and hybridized with a Kpnl 1.2 kb family 
probe. The samples are identified as described in Figure 13.
100Z 43Z 11.6Z 2.8Z
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Figure 15. Hybridization of a 1.5 kb probe to residual 
matrix DNA. The blot shown in Figure 14 was treated to remove 
the 1.2 kb probe and rehybridized with a Kpnl 1.5 kb family 
probe. The matrix preparations are identified as described in 
Figure 13.

TABLE 5
Relative Percent of Kpnl 1.5 kb Segments in Residual Matrix DNA
Mean Fragment 
Size (kb)
DNase I Digestion 
(minutes)
Percent of Total DNA 
Remaining with Matrix
Relative Percent of 1.5 kb Segments* 
EBr Staining 1.5 kb Probe
>40 0 1001 100% 100%
>40 1.5 43% 70% 53%
35 5.0 11.6% 64% 48%
10 20.0 2.8% 35% 20%
* The percent values were calculated by densitometric quantitation of EBr stained bands (Fig. 13)
, ^   ^ t - r . band intensity of 1.5 kb bands in matrix DNAand the autoradiogram of the gel blot (Fig. 15). % ** r— . . —---j—*— - , , .. .— -— r---- r — .x 100& & band intensity of 1.5 kb bands in control DNA
o\
N3
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Figure 13 with a 1.5 kb family probe revealed a reduction in
1.5 kb segments to 20% of the control amounts (Fig. 15, 
Table 5).
The relative sequence content of Kpnl 1.2 and 1.5 kb 
families in matrix DNA was also analyzed by Rsal treatment 
of isolated att-DNA fragments. Rsal digestion of A6M DNA 
cleaves all members in these families to a simple series of 
fragments (Fig. 4). Comparison of the Rsal cleavage 
patterns of 1.2 kb family fragments with control DNA 
revealed that all three fragments are present in att-DNA 
(Fig. 16). However, the relative content of the segments 
was reduced when compared to their content in control DNA. 
When greater than 97% of the total matrix DNA was released 
the residual att-DNA was depleted in 1.2, 0.835 and 0.408 kb 
fragments to 31, 45 and 23%, repectively, of the control 
amounts (Table 6).
Similar results were observed for Rsal cleavage 
patterns of the Kpnl 1.5 kb family members. All four major
1.5 kb family fragments were present in att-DNA but in 
depleted amounts relative to control DNA (Fig. 16)i 1.5, 
0.927, 0.871 and 0.702 kb fragments were reduced to 49, 43, 
23 and 23%, respectively, of their content in control DNA 
(Table 6).
In summary, both Kpnl and Rsal digestion of att-DNA has 
demonstrated that the relative content of 1.2 and 1.5 kb 
families was impoverished when compared to their content in
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Figure 16. Hybridization of 1.2 and 1.5 kb family 
probes to Rsa I digested matrix DNA. DNA-rich nuclear matrix was 
digested mildly with DNase I and aligouts removed at various 
times during the digestion. Equal amounts of purified matrix 
DNAs were digested with Rsal and electrophoresed through a 1.0% 
agarose gel. Panel A. The DNA in the gel was then transferred 
to DBM paper and hybridized with a 1.2 kb family probe. Panel B. 
The gel blot in panel A was treated to remove the 1.2 kb probe 
and rehybridized with a 1.5 kb family probe. The various matrix 
preparations are identified by the amount of residual DNA 
remaining with the matrix after DNase l digestion.
B1002 432 11.62 2.82
T-mm;
•  *
1.5 kb
0.927 kb 
0.795 kb 
0.702 kb
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TABLE 6
Relative Percent of Rsal cleaved Kpnl Segments in Residual Matrix DNA
1.2 kb Family Fragment Size (kb) Control DNA Att-DNA*
1.2 100% 31%
0.835 100% 45%
0.408 100% 23%
1.5 kb Family Fragment Size (kb)
1.5 100% 49%
0.927 100% 43%
0.795 100% 23%
0.702 100% 23%
* The percent values were calculated by densitometric quantitation of
the bands in the autoradiogram of the gel blot (Fig. 16).
2 a band intensity of Kpnl fragments in matrix DNA x 100
band intensity of Kpnl fragments in control DNA
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total nuclear DNA. However, members in each family were 
found to be present in significant, detectable amounts.
Metrizamide Gradient Fractionation of Kpnl DHA-Protein 
Complexes. Digestion of DNA-rich nuclear matrix with DNase 
1 generates a complex consisting of a small amount of DNA 
tightly bound to a mass of nuclear proteins (35). The 
sequences present in the DNA component contain members from 
the Kpnl 1.2 and 1.5 kb families. To gain an understanding 
of the possible role of Kpnl DNAs in the anchoring of DNA 
loops to the nuclear matrix, methods were developed to 
isolate Kpnl DNA-protein complexes (DNPs). The isolated 
DNPs can then be used to answer the following questions. 
What types of nuclear proteins bind to Kpnl sequences (i.e. 
nuclear matrix proteins)? Are specific sequence variant 
members in the various Kpnl families found as attachment 
sequences (att-DNA)? What is the specific nucleotide 
sequence of the site(s) to which proteins bind?
Nuclei were subjected to a series of high salt (2M 
NaCl) buffer extractions and differential centrifugation 
steps to remove histones and ionically bound nonhistone 
proteins (see Figure 1). The effectiveness of the extrac­
tions was monitored by protein determinations and SDS-PAGG 
analysis of the supernatant washes. Examination of the 
supernatant washes indicated that most of the ionically 
bound nuclear proteins were removed in the first two 
extractions (Fig. 17 and Table 7). Those proteins which
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Figure 17. SDS-PAGE analysis of high salt extraction 
supernatantB. Supernatants from extractions 1, 2 and 3 (lanes B, 
C and D) were dialyzed against 50 mM Tris-HCl (pH 6.8). Equal 
aliquots from each supernatant were subjected to discontinuous 
SDS-PAGE on 18% gels and the polypeptides detected by silver 
staining. Lane A contains molecular weight markers i Bovine 
serum albumin, 66,000; ovalbumin, 45,000; trypsinogen, 24,000; 
lactoglobulin, 18,000; lysozyme, 14,300 daltons.
ooe'w
000*81
000
000*5*?
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TABLE 7
Determination of Protein Concentration In High Salt Extractions*
Total Protein (mg)
Extraction supernatant 1 4.32
Extraction supernatant 2 2.94
Extraction supernatant 3 0.0
* 100 ul of each 2 m NaCl supernatant was removed and the total protein 
concentration was determined by the Coomassle blue dye binding assay of 
Sedraak (see Methods).
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resist high salt (2M NaCl) extractions and remain with the 
matrix are considered nuclear matrix proteins. DNA-rich 
nuclear matrix was then digested with Kpnl and the products 
of the digestion used as a source of DNPs in subsequent 
experiments.
To analyze both the DNA and the protein components of a 
DNP complex it was also necessary to remove any contaminating 
DNAs not bound to nuclear matrix proteins. Removal of 
protein-free DNA is important for a proper determination of 
the nucleotide sequence of the site(s) to which proteins are 
bound to the DNA in the DNP complex. To accomplish this 
DNPs were subjected to isopycnic centrifugation in media 
containing metrizamide, which is an iodinated density 
gradient media which separates macromolecules according to 
buoyant density. The basis of the separation is due to the 
fact that DNPs are less hydrated than free DNA and will band 
at a greater buoyant density. The buoyant density of 
protein free DNA is 1.12 g/cm3, while DNA-protein complexes 
band at densities ranging from 1.185 to 1.247 g/cm3(59). 
Proteins band at densities from 1.22 to 1.27 g/cm3(60).
Figure 18 shows the distribution of nuclear matrix 
digested with Kpnl and separated on a metrizamide gradient. 
The majority of the DNA is present in fractions 9f 10 and 11 
(1.14 to 1.16 g/cm3) with lesser amounts in fractions with 
increasing densities. This distribution represents a 
continuum of DNA with increasing amounts of bound protein.
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Figure 18. Isopycnic centrifugation of nuclear matrix on a 
metrizamide gradient. DNA-rich nuclear matrix was digested with 
Kpnl and subjected to isopycnic density gradient centrifuation in 
metrizamide. The fractions were collected from the top of the 
gradient as described in the Materials Methods. Equal aliquots 
from the fractions were removed, the DNA purified and the 
concentration (□— a) determined by relative EBr fluorescence. 
Density values (■— ■) were calculated from the refractive 
indicies as described in the Materials and Methods.
DNA (ug/ml) 
12- -
GRADIENT FRACTION
DENSITY (g/cm3)
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Two smaller peaks were observed in gradient fractions 16-18 
and 19-21 (densities of 1*25 to 1.3 g/cm3). Analysis of 
these fractions by analytical gel electrophoresis failed to 
detect Kpnl DNAs. These fractions may contain non-Kpnl DNAs 
or RNA associated with nuclear proteins, since the EBr assay 
used to measure DNA will also stain RNA. RNP particles band 
at densities of up to 1.24 g/cm3 (61) .
The distribution of Kpnl sequences in Metrizamide 
gradients was analyzed by Southern blot hybridization 
analysis. Hybridization with a 1.2 kb probe revealed the 
distribution of 1.2 kb family sequences across the gradient 
(Pig. 19). The majority of the 1.2 kb family sequences were 
present in fractions 9 ,  10 and 11 which contained greater 
than 65% of the DNA loaded on the gradient. Presumably some 
of these fragments represent protein-free sequences in DNA 
loops which have been released from the nuclear matrix by 
Kpnl digestion. Comparison of the Kpnl restriction patterns 
of DNA fractionated on the gradient with control DNA 
revealed an increase in the relative amount of Kpnl 1.2 kb 
segments in fractions with increasing density. Fraction 13 
contained an approximate 2-fold enrichment of 1.2 kb 
segments when compared to their relative amounts in control 
DNA (Table 8). Similar blot hybridization analysis was 
performed on gradient fractions for the distribution of Kpnl
1.5 kb family sequences. The majority of Kpnl 1.5 kb family 
sequences were also present in fractions 9, 10 and 11
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Figure 19. Distribution of Kpnl 1.2 kb family sequences in 
metrizamide gradient fractions. Equal aliquots of various 
metrizamide gradient fractions shown in Figure 18 were removed 
and the DNA purified. DNA samples were digested with Kpnl, 
electrophoresed through a 0.7% agarose gel and the DNA 
transferred to DBM paper. The gel blot was hybridized with a 1.2 
kb family probe.
GRADIENT FRACTION NO
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(Fig. 20). Comparison of the restriction patterns of DNA 
fractionated on the gradient with control DNA revealed an 
increase in the relative amount of 1.5 kb fragments in 
fractions with increasing density. Fraction 13 contained an 
approximate 1.7-fold enrichment in 1.5 kb fragments. Thus, 
certain members in both the 1.2 and 1.5 kb families appear 
to be associated with greater amounts of matrix proteins 
than others.
It should be noted that fraction 9 was found to be 
depleted by almost 10-fold in 1.2 kb segments when compared 
to relative amounts detected in control DNA (Table 8).
Since some 1.2 kb segments are associated with increasing 
amounts of matrix proteins one would expect a decrease in 
the content of these segments in portions of the gradient 
containing protein free DNA. This was also found to be the 
case for the distribution of 1.5 kb segments. Fraction 9 
was depleted by greater than three-fold in 1.5 kb fragments.
The distribution of protein in the gradient was assayed 
by reaction with fluorescamine. Also, aliquots from the 
gradient fractions were prepared and analyzed by SDS-PAGE 
followed by silver staining. Both of these techniques are 
very sensitive and are capable of detecting submicrogram 
quantities of protein (58,62). However, no measurable 
amount of protein was detected in any of the gradient 
fractions either by fluorescamine or silver staining of the 
gels.
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Figure 20. Distribution of Kpnl 1.5 kb family sequences in 
metrizamide gradient fractions. The gel blot shown in Figure 19 
was treated to remove the 1.2 kb family probe and rehybridized 
with a 1.5 kb family probe.
GRADIENT FRACTION NO. 
9 ID 11 12 13 M 15 16 TOTAL
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TABLE 8
Distribution of Kpnl Sequence Families in Metrizamide Gradients*
Fraction No. 1.2 kb segment 1.5 kb segment^
1.2 kb family 1.5 kb family
Total Nuclear 
DNA
0.42 0.45
9 0.05 0.10
10 0.48 0.36
11 0.70 0.54
12 0.72 0.73
13 0.80 0.77
14 ND ND '
15 ND ND
16 ND ND
A
The band intensities in the autoradiogram in Figure 19 were 
quantitated by densitometric scanning. The ratios represent
the relative amount of probe hybridizing to 1.2 kb segments relative 
to the total hybridization in that lane.
^The band intensities in the autoradiogram in Figure 20 were 
quantitated and the ratios calculated as described above.
CHAPTER 4 
DISCUSSION
The Kpnl families of DNAs are a recently discovered 
class of long interspersed repetitive sequences present 
throughout the primate order. Their relative abundance, 
interspersion in the genome and localization at the 
boundaries of structural gene domains suggest that Kpnl 
sequences may have some role in the structural and regulatory 
organization of the nucleus. However very little is known 
about the DNA sequence structure of these DNAs. More 
information concerning their base sequence, genomic 
organization and interactions with nuclear proteins (i.e 
chromatin structure) is required before any predictions 
about their function can be made. The research presented 
herein focuses primarily on the characterization of the Kpnl
1.2 and 1.5 kb families. Also, some data has been presented 
concerning their interactions with nuclear proteins.
Characterization of Kpnl 1.2 and 1.5 kb Families. The 
members of the Kpnl 1.2 and 1.5 kb families can be divided 
into three populations based on restriction segment length 
and susceptibility to cleavage by the enzyme Kpnl. The 
first population contains relatively short KpnI-sensitive 
segments {< 2 kb) which are released by Kpnl as conspicuous 
fragments of either 1.2 or 1.5 kb. Both the 1.2 and 1.5 kb 
segments constitute over 60% of the total members in each of 
the respective families. The second population consists of
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members from different Kpnl families. The putative fusion 
segments reported here constitute about 15% of the members 
in the 1.5 kb family and about 5% of the members in the
1.2 kb family. The third population of segments remain 
linked to the high molecular weight ENA subsequent to Kpnl 
digestion and hence, are referred to as Kpnl-resistant 
segments.
Kpnl-Bensitive segments. The 1.2 kb segments from the 
AGM genome were compared with their homologous counterparts 
in humans by blot hybridization analysis. The ability of 
AGM 1.2 kb fragments to base pair with a cloned human 1.2 kb 
family probe suggests that they contain extensive regions of 
DNA sequence homology (Fig. 3). Likewise, Kpnl 1.5 kb 
segments from AGM also exhibited homology to human 1.5 kb 
probe. Maio has demonstrated that human 1.2 and 1.5 kb 
probes will hybridize to Kpnl segments from many species 
throughout the primate order (21). The cross species 
homology observed for Kpnl 1.2 and 1.5 kb segments suggests 
that the various members within the AGM genome, and others 
present in related species, all possess some common sequence 
properties. This high degree of sequence conservatism 
through primate evolution implies some important 
function(s), which will be discussed later.
In contrast to the observed sequence homology among the
1.2 or the 1.5 kb segments, other experiments reveal some 
sequence microheterogeneity within each Kpnl family.
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Restriction cleavage analysis of isolated genomic 1.2 kb 
segments has demonstrated that some 1.2 kb segments are 
cleaved by Rsal into two subfragments of 0.835 and 0.402 kb/ 
while other are not (Fig 6). Since only two subfragments of 
discrete length are generated it can be assumed that all 
internal Rsal sites, if present, occur at the same location 
within various Kpnl 1.2 kb fragments.
Kpnl 1.5 kb fragments also exhibited sequence micro­
heterogeneity with respect to internal Rsal sites. Some 
isolated 1.5 kb segments were cleaved by Rsal into three 
subfragments of 0.943, 0.795 and 0.702 kb (Fig. 5). Other 
isolated fragments resisted Rsal cleavage. One interpre­
tation of this would be that some members are cleaved by 
Rsal at a position in the 1.5 kb fragment that releases two 
subfragments of 0.795 and 0.702 kb. Alternatively, Rsal may 
cleave a 1.5 kb segment into two 0.795 kb subfragmentsi The 
estimated fragment length of 1.5 kb segments is actually 
1.55 kb. It is not likely that two 0.704 kb fragments were 
released from a single 1.5 kb fragment, since the addition 
of their fragment sizes (2 x 0.704 = 1.4 kb) deviates 
significantly from the observed 1.55 kb. It is not at all 
clear how the 0.943 kb fragment is produced. No correspond­
ing band of approximately 0.6 kb was observed by either EBr 
Btaining of gels or their blot hybridization analysis. 
Possibly these segments contain multiple internal Rsal sites 
which are cleaved to produce several small subfragments (<
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100 bp) not detectable In this analysis.
Taken together, these results indicate that while the 
sequences of various Kpnl 1.2 or Kpnl 1.5 kb segments are 
related, they also possess a degree of heterogeneity. Maio 
(22) has also shown this to be the case for cloned human 1.2 
and 1.5 kb segments. Secondly, the conserved arrangement of 
internal Rsal sites, resulting in discrete subfragments 
after Rsal cleavage, seems significant and may represent an 
important structural feature separating these sequences from 
other members without internal Rsal sites.
Kpnl Intermediate Length Segments. The second 
population of Kpnl sequences contains clusters of members 
from different families which may be fused together. Two 
putative fusion products were reported here. Digestion of 
AGM DMA with Kpnl released a fragment of 2.7 kb and another 
of 3.4 kb (Fig. 3). The 2.7 kb segment contains a 1.2 and a
1.5 kb segment and hybridized to both 1.2 and 1.5 kb family 
probes. The 3.4 kb segment contains a 1.5 and a 1.8 kb 
segment and hybridizes to both 1.5 and 1.8 kb family probes 
(22). The Real cleavage pattern of these fusion segments 
was not directly examined. However, it will be assumed that 
they are cleaved into subfragments characteristic of the 
individual component members, since the intermediate seg­
ments are not detectable in the Rsal cleavage pattern of 
total AGM DNA. The significance of the Kpnl fusion segments 
will be discussed below.
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The third population of Kpnl sequences includes 
members from the 1.2 and 1.5 kb families that are cut 
infrequently by Kpnl (KpnI-resistant) and remain with the 
bulk high molecular weight DNA. Rsal treatment of 1.2 kb 
family KpnI-resistant DNAs released three fragments whose 
lengths are identical to those released by Rsal cleavage of
1.2 kb KpnI-senBitive members {Fig. 6). The data presented 
here suggests that the Rsal fragments less than 1.2 kb 
represent the cleavage of 1.2 kb segments at an internal 
Rsal site.
The Rsal cleavage pattern of 1.5 kb family KpnI- 
resistant members is also identical to that of isolated 
1*5 kb KpnI-sensitive segments (Fig. 6). The major 
difference between KpnI-sensitive and Kpnl-resistant members 
in the two families is their susceptibility to cleavage by 
Kpnl. What then is the significance of the three different 
populations of homologous sequences in each of the 
respective families?
One theory is that Kpnl 1.2 and 1.5 kb fragments 
represent a "pool" of interspersed transposable genetic 
elements. Transposable or mobile elements, as the name 
implies, have the ability to move from one location in the 
genome to another. Thayer and Singer (63) have found a
0.829 kb Kpnl fragment (KpnI-Ret) which interrupts alpha 
satellite DNA in the AGM genome. Their results suggests 
that KpnI-Ret was inserted into the satellite DNA as a
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movable element. Potter (64) has also Isolated a human Kpnl 
element (3*4 Kb) which interrupts a human alpha sequence 
DNA. The mechanism by which Kpnl elements are proposed to 
disperse is unclear, however, they are reported to resemble 
mobile DNA elements that are terminated by A-rich regions at 
the 3' ends (65). One possibility would involve transcription 
(DNA to RNA) followed by reverse transcription (SNA to DNA) 
and insertion at a new location in the genome. This 
mechanism has been proposed to explain the dispersal of the 
interspersed Alu sequences (16).
Given that Kpnl segments have the ability to transpose 
into chromosomal DNA, such an event may lead to the loss of 
either one or both of their terminal Kpnl sites resulting in 
the formation of KpnI-resistant sequences. A possible 
scheme for this process is illustrated in Figure 21. Further, 
if members from two different Kpnl families were transposed 
to the same site, with the loss of only the internal Kpnl 
site, then a fusion segment would be formed.
The significance of the fusion segments is unknown. 
Shafit-Zagardo et al. (23) have found a 6.4 kb fusion 
containing a 1.2, 1.5 and two different 1.8 kb segments 
within and flanking the human beta globin gene cluster.
This, along with their abundant representation in nRNA 
fulfills two requirements in the Davidson and Britten model 
for the role of interspersed repetitive DNAs in the 
regulation of gene expression (25). The model proposes that
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Figure 21. Schematic representation of different 
populations of Kpnl sequences. The arrows represent the 
dispersal of Kpnl DMAs, by some unknown mechanism, to form KpnI- 
resistant (RBal-sensitive) segments or fusion segments.
Kpnl 1.2 kb Kpnl 1.5 kb
GGTACC GGTACC_______________________ GGTACC______GGTACC
CCATGG CCATGG CCATGG CCATGG
Kpnl - sensitive segments .
I"  I
1
Transposition/Recombination
V
2.7 kb fusion segment Kpnl 1.5 kb - resistant segment
GGTACC GTAC GGTACC GTAC GGTACC
CCATGG GATC CCATGG CATG CCATGG
83
interspersed repetitive DNAs may function as regulatory 
sequences in the temporal control of gene expression during 
development. The 2.7 and 3.4 kb segments reported here, and 
by others (22), may represent intermediate stages in the 
evolution of the fusion sequences, ultimately leading to the 
longer clusters. The fact that the majority of the 
sequences in the Kpnl 1.2 and 1.5 kb families are represented 
in the KpnI-sensitive population is consistent with their 
serving as a pool of elements which are available for the 
formation of longer Kpnl fusion segments.
In summary, three distinct populations of Kpnl segments 
have been identified. Those segments that are sensitive to 
Kpnl cleavage may serve as a "pool" of mobile elements 
capable of transposition. In theory, KpnI-resistant segments 
and intermediate length segments could result from a trans­
position-like process.
Cloning and Partial DNA Sequencing of a Kpnl 1.2 kb 
Segment. The cloning of Kpnl 1.2 kb segments by recombinant 
DNA methodologies resulted in the isolation of two 1.2 kb 
clones Kpn(1.2)14 and Kpn(1.2)39. Clone Kpn(1.2)14 was 
selected for sequencing based on the similarity of its 
restriction site map to that of isolated genomic 1.2 kb 
segments. Analysis of the partial sequence of clone 
Kpn(1.2)14 revealed no internally repetitious regions with 
sequence homology. Internal repeated sequences are a 
property of some transposable elements. A six nucleotide
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AATAAA polyadenylylation signal sequence was detected 
approximately 200 bases from the 31 end of the clone# which 
is characteristic of DNAs transcribed by RNA polymerase IX. 
This 1b consistent with the observed transcription of Kpnl 
DNAs into nuclear RNA (24).
As of yet there is no published sequence data on any 
Kpnl 1.2 kb segments from the AGM genome. A computer search 
for homology to the known sequence of KpnI-Ret failed to 
detect extensive homology with the sequence reported here. 
Also, a sequence comparison was performed with Kpnl A, 
a human segment of a 1.2 kb and two different 1.8 kb 
segments (64). Comparison of this sequence from human DNA 
revealed no extensive homology to the sequenced regions of 
the Kpn(1.2)14 DNA reported here. Some sequence homology to 
the 1.2 kb portion of Kpn A would be expected and may be 
revealed when the complete sequence of Kpn (1.2)14 has been 
determined.
Association of Kpnl Sequences with the Nuclear Matrix.
The structural organization of the eukaryotic nucleus has 
been the subject of intense investigation. Several lines of 
evidence suggest that DNA is arranged in the nucleus as 
loops of DNA which are anchored every 60-100 kb to a protein- 
aceous nuclear matrix (33). The nature of the attachment 
sequences (att-DNA) in the DNA and their binding to the 
nuclear matrix has not yet been established. The data 
presented here suggests that 2.8% of the matrix#
approximately 10 kb of DNA, is associated with nuclear 
matrix proteins (Fig. 10). This value is based on the 
assumption that nuclear matrix proteins afford protection to 
att-DNA against mild DNase I treatment. Hithin the 10 kb of 
att-DNA their appears to be one or more regions that are 
more intimately associated with the nuclear matrix than 
other regions. Extensive DNase I digestion studies 
indicated that att-DNA can be degraded to fragments of about 
400 bp, considerably less that the 10 kb observed with mild 
DNase I digestion (Fig. 11). Experiments with control DNA 
indicate that these results reflect a protection of the 400 
bp DNA fragments by their association with the matrix 
proteins. Thus, when examining att-DNA for specific DNA 
sequence classes it is important to consider how experimental 
conditions may influence the composition of the residual 
att-DNA fragments. Mild nucleaBe conditions may allow 
extraneous DNA in the loops to remain associated with the 
matrix while extensive conditions could release associated 
but less protected att-DNA fragments.
In this investigation both mildly and extensively 
digested nuclear matrix preparations were examined for their 
relative content of Kpnl DNAs. If all the Kpnl family 
sequences serve as att-DNA sequences for the anchoring of 
DNA loops one would expect them to be enriched in the 
population of fragments that remain with the matrix. 
Conversely, if none of the Kpnl sequences are involved in
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loop anchoring then they would be expected to be absent in 
att-DNA. The results presented here indicate that, although 
the Kpnl sequences are present in att-DNA, the amounts are 
greatly reduced.
The relative content of total 1.2 kb family members was 
depleted in att-DNA isolated from matrix subjected to 
extensive DNase I digestion (Fig. 12, Table 3). Extensive 
conditions were chosen to examine the Kpnl sequence content 
in att-DNA fragments most intimately associated with nuclear 
matrix proteins. A  similar depletion of total 1.5 kb family 
sequences was also detected (Fig. 12, Table 3). It should 
be emphasized that the matrix was extensively digested and 
the resulting att-DNA must be operationally defined as 
those fragments that resist DNase I cleavage under these 
digestion conditions.
Mild DNase I digestion conditions were chosen to 
examine the sequence content of the individual Kpnl 
populations (KpnI-sensitive verses KpnI-resistant) in att- 
DNA. Mild conditions were required since Kpnl segments are 
greater than 1.2 kb in length and would be severely nicked 
under the extensive conditions used above and not resolvable 
as distinct restriction fragments. Analysis of Kpnl
1.2 kb and 1.5 kb segments revealed that they were both 
present in reduced amounts in mildly digested nuclear matrix 
(Table 4,5). Both non-specific (EBr) and specific (blot 
hybridization) techniques used to detect 1.2 kb fragments
87
agreed. However, a greater depletion
was detected with blot hybridization analysis suggesting 
that some fragments in EBr stained bands were non-Kpnl 
sequences. Alternatively, these segments could represent a 
subpopulation of the 1.2 kb sequence family which is not 
homologous to the human probe used and are enriched in att- 
DNA. Both EBr staining and blot hybridization of 1.5 kb 
bands revealed comparable amounts of depletion for these 
segments in att-DNA. This suggests that the KpnI-sensitive 
members in the 1.5 kb family are more homogenous than 1.2 kb 
segments, as analyzed by hybridization to human probes.
Individual Kpnl segments released by Rsal (KpnI-sensitive 
and KpnI-resistant) were also examined for their relative 
sequence content in att-DNA. All segments belonging to both 
the 1.2 and 1.5 kb families were depleted in mildly digested 
nuclear matrix (Table 6).
Taken together these results indicate that the Kpnl 
resistant and sensitive populations of segments in the 1.2 
and 1.5 kb families are present in att-DNA, however, in 
reduced amounts when compared with control DNA (total nuclear 
DNA). This does not exclude the possibility that some Kpnl 
sequences interact with nuclear matrix proteins, only that 
as a whole they are not selectively afforded protection 
against DNase I treatment.
Isolation of Kpnl DNA-Protein Complexes. An 
association of Kpnl segments with nuclear matrix proteins
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has been demonstrated (Fig. 19, 20). Metrizamide gradient 
centrifugation of nuclear matrix complexes has revealed that 
some Kpnl sequences are tightly bound to nuclear proteins. 
Specifically, some Kpnl 1.2 and 1.5 kb segments were found 
to band at densities characteristic of DNA-protein 
complexes. Attempts to identify the polypeptides using very 
sensitive fluorometric assays and SDS-PAGE followed by 
silver staining were not successful. However, the relative 
positions of 1.2 and 1.5 kb segments in metrizamide 
gradients is good, although, indirect, evidence of a DNA- 
protein complex.
The nuclear matrix has been proposed as the site for 
many nuclear metabolic activities including DNA replication 
(66,67), RNA transcription (68,69) and hormone binding (70). 
The results presented here indicate that while Kpnl 
sequences families as a whole may not be involved in 
anchoring DNA loops to the nuclear matrix, some members of 
the 1.2 and 1.5 kb families appear to be intimately 
associated with nuclear matrix proteins. The topological 
organization of eukaryotic DNA as loops attached to a 
nuclear skeleton is a structural property, however, it is 
possible that some of the loops may also represent 
functional genetic units or gene domains. The localization 
of a Kpnl 6.4 kb cluster flanking the beta globin gene 
domain is consistent with a structural role in the 
organization of this gene domain. The interaction
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of Kpnl sequences with the nuclear matrix may promote the 
transcription of this family of developmentally related 
genes. However, more information concerning the 
organizational modes of Kpnl sequences and their interaction 
with nuclear proteins is necessary before their function can 
be elucidated.
In conclusion, the immediate goals of this research 
were achieved in so much as Kpnl 1.2 and 1.5 kb sequence 
families were isolated and characterized. The distinction 
of three Kpnl segment populations is a first step in 
elucidating the organizational modes of these interspersed 
repetitive DNAs. Rsal digestion analysis of eluted Kpnl- 
resistant and KpnI-sensitive segments raised several 
interesting questions which, if answered, will add to the 
understanding of the genomic organization of the Kpnl 
sequences. For example, what is the significance of the 
highly conserved localization of internal Rsal sites in some
1.2 kb fragments and the absence of RBal sites in others?
A significantly more detailed analysis of Kpnl sequence 
structure can be accomplished by DNA sequencing. To this 
extent the cloning and partial sequence determination of 
Kpn(1.2)14 DNA represents a major accomplishment in that 
there currently is no available sequence data on Kpnl 1.2 kb 
family sequences in the AGM or other primate genomes. When 
completed, the sequence of Kpn{1.2)14 will facilitate the 
analysis of the evolution these DNA sequences throughout the
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primate order.
Finally, it was observed that Kpnl 1.2 and 1.5 kb 
family sequences, as a whole, are impoverished in att-DNA 
fragments that anchor DNA loops to the nuclear matrix.
While this may argue that Kpnl sequences, in general, are 
not associated with the nuclear matrix, some 1.2 and 1.5 kb 
members were detected in the matrix in significant amounts. 
Further, metrizamide gradient centrifugation of nuclear 
matrix complexes revealed an enrichment of some 1.2 and
1.5 kb segments tenaciously associated with nuclear 
proteins. The immediate direction of this research seems 
evident. The Kpnl DNA-protein complexes must be character­
ized with respect to their polypeptide composition and the 
nucleotide sequences of the site(s) where the proteins are 
bound. This inevitably will require more sensitive methods 
for the detection of these nuclear proteins.
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